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TO 


THE  REV.  PATRICK  MACVICAR,  D.  D. 


DUNDEE. 


My  Dkab.  Fatheb, 

Tampleamn  wUk  wkidk  lam  abklo  tUieak 


i9  flK  toot  wuidg  wp  cf  Aomt  tutd  ktBttHf  m  J  tiottid  ka&$JUi  llaf  Ai 
pr^  w^FaOer^s  mamt  to  iny  Walk  AadfiM»aMfaMt  idUoft 
iBioM  aff&cAKu  atuU  wot  ha9$  tootnttif  w  T  ikottU  hu9$  cottcbuhi 
ikoi  wur  pkUooopkiad  cpittiotu  hud  fcHgf  fMNolMif  wiluwwtu 


I  canmji  but  fear,  kowerer,  that  the  folhwing  pages  art  too 
pretending  to  be  received  by  men  of  fixed  opinion^  wUkomt  oppoti' 
tkm.  even  though  they  were  true.  It  is  not  therefore  as  an  attempt 
to  homofur  you,  thai  I  beg  your  acceptance  of  this  Volume ;  but 
raiker  because  it  cannot  be  displeasing  to  you  to  learn,  that^  after 
many  years  devoted  to  the  observation  rf phenomena,  and  to  anxious 
inquiry  into  causes,  the  results  which  I  esteem  most  highly,  are  but 
echoes  cftke  rotof  of  paternal  affection. 

JOHN  GIBSON  MACVICAR. 


"  rMytlMn»liri|^tlMit»inanoplaloii«  I  look  upon  III  bdnc  new  or  anchnt,  antfito 
bikif  ■tafukr  or  oommoaly  icedTod,  m  thln^  lint  an  but  extrlndc  to  its  being  true  or  ftlwt 
tad  M I  mmld  never  n^ect  a  truth  for  being  generdly  kmnm  or  reoelTed«  io  will  I  not  oob- 
dnde  en  opinion  to  be  a  truth  for  being  generdly  known  or  leodTed,  merely  beceuie  great 
anmbere  hnTe  thou|^t  it  to  be  io>  nor  thfaik  an  opinion  erroneouib  becanee  It  k  not  yet  knofim 
tonany,  orbecemeitoppoeeietenetemfaraoedbymany.  Fori  am  wont  to  Judge  of  opfaiioM 
aiofcQln%  f.(i(i>i|ilii  ■niili  leu  iimj  iMUbii  Iiiii  In  miiiliat  "IHM  hniiiipiiiii  liliinit 
Oan  wiiat  metal  it  ii  made  oL  It  k  indiflbrmt  enough  to  me,  wiiether  it  war  stamped  many 
paMBiflv  ^0Hrinci^4r  cwiabvft  yertartay  ftwa  tliemlnit*  Wot  do  I  mpad  Ifciauft  %tnr  many 
or  bow  Hbw  handa  It  hai  peaaed  for  cunent,  prorlded  I  know  by  the  toucfaatooe,  of  any  audi 
t»iaV|aMjPii1j«inda»  whathgornoitbejwBlMbanddoeaerdOBa  notdmwief 'htfiuWili- 
oimnt  t  for  if,  upon  due  proof,  it  ttpfmn  to  be  good.  Its  having  been  k»f  aod  by  many  va- 
calfadlbraaditWaiiotMnptnMtonftaeiU  Bnt  if  liind  k  oonnlaiiMt,  neither  die  pilutw  • 
Imaie  or  inecription,  nor  its  date  (how  andent  aoerer),  nor  the  multitude  of  handp  throngh 
wtakhltbiepBiaalnaBinpectad,  «rlD«mametoieeaifwlti  and  one  dtavowfag  ttlil,  ^W^ 


made,  wm  much  more  discradit  with  ma  than  all  thoee  spectooa  thingi  I  hare  named  «a  ja- 

--BOTLl.  •^' 
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X«B  crtdftiKty  ot  any  adieiitHIc  tfaeofji  conddered  as  s 
tnm  uXmtwmwtit  of  the  meehBoimi  by  wfaiefa  phenomem  «re 
OfVulvWy  cao  nerer  be  ettablisbed  apoD  an  absolota  demon* 
ftralian  oi  iU  tnith»  nor  otherwise  than  by  a  greater  or  lev 
aaonatof  probaUeevidenoe*  A  bjrpotheaie  nay  be  wrought 
oot  by  demonstration,  as  is  at  present  commonly  done  in 
physics,  by  the  use  of  the  calculus.  But  the  discovery  re- 
sulting from  all  such  demonstrations  is  never  more  precise 
than  this,  that  such  or  such  a  supposition  explains  a  cer- 
tain number  of  phenomena.  Whether  it  be  an  accurate 
statement  of  the  natural  mechanism,  by  which  the  pheno- 
mena considered  are  brought  to  pass,  is  an  inquiry  which 
can  never  be  disposed  of  otherwise  than  by  canvassing  its 
probability  and  accumulating  evidence.  Although  a  hy- 
pothesis may  explain  all  the  phenomena  to  which  our  know- 
ledge of  nature  enables  us  to  apply  it,  wc  can  neither  alRrm 
that  it  is  competent  to  explain  all  those  phenomena  which 
it  ought  to  explain,  nor  that  all  other  possible  suppositions 
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are  inadequate  to  account  for  those  to  which  our  knowledge 
extends.  We  have  the  means  of  demonstrating  that  nine- 
ty-nine hypotheses  are  false,  but  we  have  not  the  means  of 
demonstrating  that  the  hundredth  is  true.  A  hypothesis, 
therefore,  based  solely  upon  its  competency  to  explain  a 
certain  number  of  phenomena,  must  still  be  viewed  only  as 
a  possibk  thing.  Whether  it  be  a  probable  thing^  must  de- 
pend upon  its  intrinsic  verisimilitude,  its  accordance  with 
what  we  find  to  be  true  by  observation  of  nature  generally: 
for  the  mind  feels  that  whatever  is  extravagant  and  singu- 
lar, and  does  mk  accord  with  the  general  harmony  of  truths, 
is  monstrous,  and  can  scarcely  be  true ;  sind  to  disregard 
such  native  and  aboriginal  testimonies  of  our  constitution, 
is  to  divorce  common  sense,  and  to  become  sophists  instead 
of  philosophers. 

The  evolution  of  a  hypothesis,  therefore,  ought  to  in- 
clude two  eras  of  mental  action :  the  first  a  process  solely  of 
generalization  or  induction  of  particulars  ;  because,  if  any 
thing  be  involved  in  the  phenomena  contrary  to  the  hypo- 
thesis pretending  to  be  deduced  from  them,  its  truth  is  im- 
possible :  the  second,  a  process  of  analogy  or  induction  of 
generals^  in  which  one  general  idea,  whose  truth  is  inquired 
into,  is  compared  with  other  general  ideas  known  to  be  true, 
with  a  view  to  discover  a  harmony  or  discrepance  in  their 
features.  At  the  close  of  tlie  first  era,  we  have  discovered 
that  our  hypothesis  may  be  true,  or  that  it  is  absolutely 
false ;  at  the  close  of  the  second  we  have  found,  that  it 
falls  into  a  place  in  the  system  of  nature  so  well,  that  we 
are  quite  convinced  of  its  being  a  part  of  that  system,  or 
else  we  may  still  feel  that,  notwithstanding  its  ability  to 
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aceDant  fiir  muiy  appeuvneosi  it  renMdns  to  iMiflj 
prcifid  with  the  hiaroglyphics  of  infmioiM  ignonoMS  ip- 
stead  of  the  nmide  Mftl  of  natnro,  Uiatwo  eannoiroMmit 
Mgaudne.  In  modem  ■cience  (chiefly  in  eopoeqnanea  of  >n 
exeeanve  mibdivision  of  labour  in  ■eientific  oeciipntion«  and 
the  constant  use  of  mathematiee  in  working  out  b]rpotlieeee» 
which  have  this  peculiarity  that  they  do  not  demand  col- 
lateral knowledge  of  any  sort  in  the  mathematirian,  and* 
therefore,  do  not  expose  him  to  a  feeling  of  incongruity  be- 
tween his  hypothesis  and  the  general  tenor  of  nature),  the 
intrinsic  Tcrisimilitude  of  conjectures  as  to  the  causes  of 
lAenomena  is  Ycry  little  regarded.  But|  it  will  certainly 
be  admitted  by  every  one  who  reflects,  that  nerimmiliitMk 
is  a  quality  devoid  of  which  a  hypothesis  can  scarcely  re- 
commend itself  to  the  belief  of  any  well-informed  and  in- 
observer  of  nature. 


Such  are  the  principles  by  which  the  views  contained  in 
the  volume  now  in  the  reader's  hands,  pretend  to  have 
been  detected  and  tested  ;  and  hoeausc  tlio  author  has  satis- 
fied himself  of  their  truth,  he  has  not  s|M>ken  more  hesi- 
tatingly than  the  state  of  his  convictions  naturally  sufZTf^ested. 
The  reader  will  perhaps  feci  offended  at  the  confident  man- 
ner in  which  he  treats  even  of  things  often  thought  to  lie 
beyond  the  pale  of  discover}' ;  but,  if  the  views  advanced 
be  found  true,  this  feeling  will  soon  disappear,  and  if  they 
be  not  true,  there  is  no  goo<l  reason  why  the  reader  should 
uot  be  offended  from  first  U}  last. 

As  to  the  manner  in  which  the  work  has  been  com|MMed, 
convenience  ratlier  than  logical  art  has  been  attended  to. 
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plMnomeiia  ffomtWhioh  i(  pretends  to  k^  ^^ao^.^^hw^^, 
ge^X^e^tiiMm  m  f^qv^t^A  m  the  psMl  of,  fui  i^tbcH-f)^ 

;h<ff<MWt^ftflj  iml^  wabay^  been  mad^  acqmu^l^  witbi  t^ 
Iqrp^kdiWA^l^y  vbiob  H  is  to  bfdoxplaiaedri  aydif  i^yji.,ai^fy 
^(^  Bl^t  «jG^|iiain^.  ^  with  tlie  pbjec^t  wbic]^  be  jias  ifi.x?<^w.  m 
il^fiT^t^g  apbei^Miienos,  tiUbe^is  just  clpsiiig.  the  djacuf^f^ 
yuiliifik  F^lftev  to  k)  we  feel  tbat  he  is  abrupt  whcaah^^filof^s^^ 
^l^jj^e  afi^  i|eo«§8itated  to  read  the  pag^  over  agaifi  a{l(er 
bpf  <49fK4  Jba^  beeu^piaade  know^  to  us.  M  to  the  ,abiH>r 
hltOlftiPQiuit.of  evideiioe  on  which  it  resta  it9  claiw^4^  hfH 
lief)  o£  course  it  can  make  no  difference  whetber  a  g^owU. 
id^  advanoed  to  expkin  certain  phenomena  be  stated  a$' 
the  first. 4Nr  laal  propo«tion»  whether  it  be  placed  on^  the 
right  or  left  band,  of  the  phenomena  which  relate  to  it. 

It  is  eoouDOB  with  modem  authors  to  give  the  history 
of  J  the  development  of  their  diseoverieB  (including  evea 
their  unauccettful  experimenta)  along  with  the  ukimata 
opinions  at  which  they  arrive  on  any  sabjed.  But  if  the 
truth  of  these  ultimate  opinions  be  not  admitted. by  the 
reader,  the  effect  of  such  a  display  is  so  ridioulousy  that 
the.  author  has  avoided  this  hazard*  I  may  merely  men- 
tion that  it  first  occurred  to  mcy  when  occupied  in  exa- 
mining some  phenomena  of  double  refraction,  that  certainly 
there  was  some  \ery  attenuated  medium  between  the  table  on 
which  the  spar  lay  and  the  window-shutter  through  which 


^jpttf^itadf,  %«rt  compoiied  IHn  it  «r  vmUmIm  (dMugli  ^rwy 
niioMe  mod  dBUmt),  tymaeCiieftUy  rMm^  le  6Mb  «tiMr, 
wnI  hrai^  s  «p6eifie  fertt,  over  whkb  ligbl  ii«i  immm 
«xeiteMmi  «hoi  almigy  m  nagneiid  Md  ekeiriQ  polfity 
wse^in  Iht  nMBs  whiek  eomhicl  th«Mi  prindpfet.  If  m^  U 
wik  ofrvfooi  "from  Hi  optiead  phenMnenft,  Aat  tile  mcdQflni 
<»f  l%lit  pumiiiiJ  m  teHidar  itracture^  md  thftt  tlie  form 
df  ili'iiibleeidai  imitt  be  foimd  between  Uie  iirfiere  oh  Ibe 
one  hand'  imd  tfie  tetraednm  on  the  otber.  Now,  ae  tbefr 
perticiibur  timpe  has  neither  been  rerealed  nor  ae  yet  di»» 
dvrered,  Aere  aetmed  no  good  reason  why  any  one  who 
had  adfapoiition  i»  occnpy  hhnoelf  in  tneh  a  way,  and 
leiamt  enough  for  Ae  inquiry,  tbonld  not  aMenpt  to  do 
the  aaaae^  A  sure  way  to  make  eneh  diacoTeriee  impoa» 
■Me^  ia  to  anppoae  that  they  are  m^  whidi,  if  the  atale  of 
the  cme  be  other wiae,  it,  in  point  of  fact,  more  preaump* 
toDoa  than  to  epend  many  montha  in  fruitlem  hibour. 


The  highly  angular  character  of  the  Himplest  and  most 
exqoiaitely  erystallinc  bodiefs  and  the  very  peculiar  charac- 
ter of  the  phenomena  of  phyBical  opticfs  which  have  never 
been  accounted  for  on  the  usual  supposition  that  the  atoms 
of  light  are  merely  globaleK,  witlioat  modifying  and  compli- 
cating the  hypothesis  till  it  lose  all  verisimilitude,  induced 
rae,  in  attempting  to  detect  tlie  fundamental  structure  of  the 
radiant  medium,  to  turn  to  the  angular  extreme  of  the  series. 
It  was  obvions  that  very  peculiar  phenomena  wcmld  re- 
milt  from  cleaning  by  reflection,  ^c,  a  medium  composed 
of  a  synmietrical  tissue  of  tetraedrons.  The  intrinsic  veri- 
MmiHtude  of  such  a  hypothesis  was  also  a  maximum,  for  it 
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seemed  an  idea  most  congenial  to  the  nature  of  things,  that 
the  most  elementary  of  all  media  should  consist  of  atoms 
whose  form  was  the  simplest  possible.  The  subject  seemed 
worthy  of  a  serious  inquiry,  and  this  I  was  enabled  to  con- 
duct without  interruption,  happening  to  have  by  me  a  set  of 
experiments  which  I  had  previously  made  on  the  polarization 
of  solids.  The  result  of  that  inquiry  is  now  brought  before 
the  public,  in  the  belief,  that  if  the  views  advanced  as  to  the 
structure  and  economy  of  nature  be  true,  they  will  ulti- 
mately be  received. 

The  reader  will,  I  fear,  discover  many  errors  into  which 
I  have  fallen  in  attempting  so  extensive  a  survey  of  crea- 
tion ;  but  it  was  better  that  I  should  run  the  hazard  of  com- 
mitting particular  errors  in  detail,  than  that  my  views  should 
be  stinted  of  evidence,  by  the  fear  of  that  ungenerous  criti- 
cism which  settles  upon  an  author's  errors  only.  If  such 
cases  be  found,  therefore,  the  generous  reader  will  only 
substitute  his  own  more  accurate  knowledge  in  the  place  of 
the  eiTor  into  which  I  may  have  fallen,  or,  striking  out  my 
errors,  will  consider  whether  the  facts  remaining  be  not 
adequate  to  demand  belief  in  the  system  advanced. 

As  history  should  be  connected  with  standard  works  ra- 
ther than  with  those  which  depart  from  current  opinions,  no 
pains  have  been  taken  to  associate  the  facts  made  use  of  with 
the  names  of  their  discoverers,  which  indeed,  without  such 
an  apolog}',  it  would  have  been  impossible  for  me  to  do  in  a 
satisfactory  manner,  liaviug  hitherto  usually  contented  my- 
self with  domestic  works,  and  compilations  of  opinions  in- 
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tmd  of  original  papers  aad  monogmphiy  from  whieh  only 
the  true  character  of  an  anth<Nr  ean  be  learned. 

The  student  of  natural  and  chemieal  aeienee  in  thie  country 
nmy,  indeed,  congratulate  himself  that  all  the  great  branches 
are  cultirated  at  home  with  a  success  which  renders  him 
aomewhat  independent  of  information  derived  from  a  dis* 
tance.  Thus,  in  Physical  Optics,  which  lie  at  the  very  root 
of  natural  science,  Dr  Brewster  is  a  host     Blineralogy, 
which  is  the  second  branch  of  science  resulting  from  the 
erolntion  of  natural  bodies,  has  received  the  particular  re- 
gard of  Professor  Jameson,  to  whom  Natural  History  in 
Scotland  ii  so  deeply  indebted,  and  whose  kindness  to  the 
Author,  in  granting  every  facility  to  htm  in  the  prosecution 
of  his  studies,  he  is  happy  of  this  opportunity  to  acknow- 
ledge.    Atomic  Chemistry,  which  is  the  third  branch,  has 
nowhere  a  more  gifted  advocate  than  Dr  Thomson.     In 
Zoology  including  Physiology,  which  is  the  fourth  and  ul- 
timate, we  possesf)  Dr  Flf.minc;,  a  liiphly  giftcnl  naturallKt 
of  singular  penetration  and  love  of  triitli :  wliilo  all,  and  es- 
pecially those  who  projKme  to  make  the  refill t  of  their  in- 
quiries public,  know  what  a  treasure  the  science  of  Scot- 
land possesses  in  Mr  Neim.. 

The  Author  is  anxiouK  to  mention  also,  as  men  to  whom 
he  has  been  most  dee])]y  indebted  for  iwientific  knowledp^e, 
Kuch  names  as  Oeustkd  and  Fa  had  ay — Hi  or,  A  ha  go, 
Herschel  —  MoHs  and  MiTst  iikrlk  ii — Gay-Ltssac 
Berzemts,  and  Proct — Chari  is  Hri.L, — Ci'vier,  &c. 
&€.  &c.  But  he  feels  that  in  such  an  attempt,  his  very  par- 
tial kiio>vle<lge  of  living  authors  would   8<N>n   occasion  in- 


j^l^t^eei  wbiob  )ie  wmUt  not  feel  4heJle80«#  Iw'lnjfistl^  \m^ 
«i|i|8e  such  pei^om  migbtaot,  porhaps^' regard  tfa^  mentton- 
ing  of  their  naaifee  by  one  who  has  made  maretne  <^  their 
than  ftheiir  opiiiieiis  as  ai^y  hcMMmr        ' 
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.  .^JXbie  auther  intended  to  have  added  tw^iUostratiVe  hoM. 
T^  forner  ^l,  these^  relSnrred  to  at  paf^  I89  eonsislM  dP  a 
dfj^felopmeiilt  of  anatural  iwthod  of  tihe  derivation' bf  crys- 
Uffl^9ififi,form^  ia/oonfonnity  to  the  lauvs  of  pokurfateft  action 
efiHJ^  in  thate|Lt»  Theotber»  referred  to  ai  page  MM^iras  in- 
t^l^dad.  to  pctf)sistco£  a  traadatioii  ^a  pi&ft  of  the  TtMxsvs  of 
Tlu^m  Bothare:oinittedineoDseqajeneeof^etinexpeeted 
Vff^g^iU^l^iiWiii^  the.  book- has *giiowii<f  For  the^iaiiie 
i^gfiOJi,.9i»^  t)ie  proof  of  v^hat  is  firequeotly  alfcided  IKr  in 
^^f^  that  positive  polarity  chiefly  arranges  purti  de^ 
^flbfped  Mnder  iits  influenee  in  symmetrieal  pesitiODS  in'^ire- 
l;|t}on  tp  an  azi%  while  negatilve  polarity  (tending  al#ayBto 
tlv9.4avelopment  of.  an  equator)  ooearions  etxpanflidn  atfd 
cpfiflgence;  wd  the  investigation  of  the  developniMit  of 
epliryos  and  of  organic  8tructniea»  have  not  been  entered 
on.  Besides  occasioning  such  omisBionS}  the  reader  will 
probably  find  also,  that  the  attempt  to  abbreriate  has  given 
an  intolerable  hardness  to  the  stile  in  which  the  book  is 
written.  But  it  was  desirable  that  every  thing  except  per- 
spicuity should  be  sacrificed  to  brevity  in  a  work  like  this, 
which  may  be  considered  as  one  continued  illustration 
throughout,  any  part  of  which,  viewed  by  itself,  might 
seem  eminently  strange.  What,  for  instance,  might  almost 
any  one  think  were  he  to  open  the  book  for  the  first  time 
at  page  209,  as  a  friend  chanced  to  do,  lifting  up  some  sheets 
which  were  lying  on  the  table  ?   To  have  pled  the  cause  of 


FBBFACE.  Xiii 

all  such  ■tetoacwto,  hofMnr,  ^  to  iHiTe  tempered  tlmi 
ao  as  to  wiU  the  raador's  likiiig  imtber  thafi  my  own,  woiiM 
hare  oxpaBidod  the  work  to  eereral  Yotomee,  or  hafo  do- 
manded  the  obumioii  of  taany  illuitniioiie,  whidi  auiy  be 
gmthered  from  every  region  of  nature  in  such  proftisioii, 
that  it  wae  fiMiid  diflbrak  to  hrinf  the  work  to  m  doaei 
even  after  it  Imd  tttahied  double  the  eiae  which  wm  origin 
Daily  flontemphiled     Ibeg^  therefore»  to  reqaeet  the  i eadtf, 
if  ha  pnyoae  ie  turm  his  opiaioii  of  thie  worlr  by  H!indin|' 
a  few  pagm  odiyi  ae  ie  irery  aatnnd  on  taking  up  a  Tolume 
by  an  oakiiowfi  outhen  iMit  ie  open  it  at  random,  nor  eten 
to  ehooee  the  fint  pagee^  tot  they,  in  flurt,  eoneiet  of  gene* 
raliied  matteiv  anAeannot  be  rightly  underetood  imtfl  the 
whole  work  hm  been  peroeed,  but  rather  to  read  page  MS 
and  the  two  whiiA  foDow,  wbevoi  to  mrr^  the  purpoeee  Mf 
a  partieahtf  aignment,  a  eenJeneed  etatement  of  the  eyiCeili 
is  gtroQ  in  a  lew  wofdet    If  ho  fiwl  dwpoeed  to  be  at  mere 
paias  than  to  read  a  finr  page%  I  wonld  only  make  thie  <vr- 
tfaer  reiiueet,  to  which  the  motto  on  the  titlc-pege  ie  the 
answer  of  Socrates  by  Plato,  Mv»i^m»  «^  ;  xiymt  ^  Ifmk 

miftitx^iiwmf  wfuru  ^wfw  fmih  m  in^  ^wrU9, 
St  AvDRCwt,  Mmp  18S0. 
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the  respiratory  system  analogous  to  the  nervous— both  con- 
fluent in  insects— -structure  of  the  nerves,  498 — 515 
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Paira 
MIND. 

No  eridflDce  cm  be  fooml  •gtinsl  tbe  •xtstmoe  of  a  tentttire 
and  cogita^Te  tobatance— ibe  axiataaoe  of  mbd  aa  an  ea* 
senee  dislinct  frooti  matter  demonttratcdy  the  Brat  prindplea 
of  this  work  being  granted— of  the  Deity— of  finite  minda — 
of  animated  bonga— of  the  gradual  improTeaaent  in  organiai* 

515—543 


THE  PHYSIOLOGY  OP  THE  HUMAN  MINa 

The  nature  and  tendency  of  mind*s  action  may  be  learned  by 
▼iewing  pb3rucal  phenomena  as  a  sensible  exemplar  of  the 
economy  of  mind,  which  cannot  be  directly  obserred — actbn 
of  matter  conaists  in  three  functions — 1.  A  nascent  or  active 
body  during  development,  imitates  itself  as  it  exbted  the 
moment  before,  by  which  specific  identity  is  maintained.  2. 
It  imhatew  sunoimdbg  bodies  whence  the  harmony  of  con- 
tiguous Bubatancea  arises.  S.  It  imitates  the  form  of  the 
atom  of  light  which  ia  spherical,  and  is  unifersally  preteat,  in 
▼irtue  of  which  it  tends,  so  &r  aa  circtunstances  penntty  to 
become  spherical  or  most  perfect  in  form— imitation,  a  para* 
mount  tendency  in  mind — always  when  truly  actire  mind 
exiata  aimultaaeously  in  a  double  state,  vis.  of  perception  cm 
tbe  one  band,  and  of  sensibility  as  its  Bub«tratHm  on  the 
other — but  tbe  state  of  sensibility  existing  can  only  l>e  dis- 
covered when  tbe  accompanying  perception  is  that  uf  the  mind 
itself — ^happiness  is  the  state  of  seDbibility  proper  to  a  mind 
acting  wholly  according  to  its  nature — misery  arises  from  a 
lacaration  of  tbe  mind's  true  nature — tenor  of  a  truly  instinc- 
tire  life  described — instiDcts  peculiar  to  man  arc  desire  of 
religion,  and  desire  of  rirtue— mental  phenomena  are  devel- 
oped by  tbe  tripartite  law  of  imitation  exemplified  in  ato- 
mic phenomena — I.  Self-imitative  states  of  mind  are  the  feel- 
ing of  identity,  memory,  habit — this  tbe  lowest  era  of  mental 
action — these  modified  by  collateral  perceptions  are  suggcH- 
tion,  imagination — 2.  States  of  mind  excited  by  imitation  of 
iHirroundiog  minds  are  the  social  erootiona— 3.  States  of  miml 
excited  by  the  presence  of  the  Deity  (exemplified  by  tbe  in- 
fluence of  light  on  risible  things),  are  the  perception  of  truth, 
moral  approbation — The  same  law  is  then  applied  to  the 
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Page 
phenomena  of  taste — the  feeKng  of  beauty  anterior  to  the  * 

cogitatiTB  prooeea  by  which  fitneai  is  ditoorered— 4wo  ehmm 
of  beautifal  objeoto,  yna.  Midi  as  are  katekiosoopic  or  posstns 
merely  Ibran  and  ookmni  which  please  the  eye^  aid  eiicii  as 
are  giand*  or  gimceful,  or  are  eiqiressive  of  mhid-— the  ibraier 
depends  upon  siqierficiesi  the  latter  upon  lines  or  edgesi  ' 
those  superficies  are  most  beautiful  which  are  most  harmoni* 
ous  with  or  can  be  imitated  in  the  radiant  tissue  which  con- 
stituti?9  theaensorium  most  perfectly,  those  Imes  are  the  most 
graceful  which  make  the  nearest  approach  in  their  forms  to 
the  axis  of  the  cerri^ral  column — these  principles  shewn  to  ex- 
plain the  phenomena  of  sculpture,  painting,  music,  and  ardii- 
teotvre-*mir  feeHngs  of  sensible  beauty  are  therefore  limited 
by  iiur  OKganijation — the  observation  of  erery  thing  which  hM 
fitness  for  its  existence  would  certainly  excite  that  very  plea« 
sant  state  of  mind  which  induces  us  to  say  that  the  object 
which  awakes  it  is  beautifol,  if  the  mind  could  enter  into  that 
body,  «r  denre  a  eensorium  from  it,  which  could  be  easily 
coafonoad  to  it,  or  modelled  after  it — benoe  wlule  our  mind 
continues  embodied,  we  can  form  but  a  poor  estimate  of  what 
creation  really  is,  or  of  our  own  capacity  to  enjoy  Its  beauty 
— Whence  also  the  using  our  taste  as  a  standard  by  which  to 
judge  all  things,  is  one  of  the  greatest  blunders  of  phfloeo^ 
phy— -Having  shewn  that  visible  beauty  arises  fixmi  the  ex« 
cited  parts  of  the  sensorium  becoming  assimilated  to  the  vi« 
sible  object  said  on  diis  account  to  be  beauttfnly  h  is  infomd 
that  die  foaling  of  moral  beauty,  or  beauty  not  pietoiialf 
arisea  from  an  imitation  in  the  state  of  the  mM  its^  of  that 
winch  it  admires — love  is  admiration  of  beauty  idoi^  with 
the  social  deshre  to  be  similar  to  or  identified  with  die  object 
loved — the  krre  of  the  Si^ireme  Bemg  therefore  is  the  me- 
chanism by  which  we  become  likened  to  Him  and  are  des- 
tined to  grow  in  goodness  and  happiness    conclusion,  548—416 

Index  of  Atomic  Weights  at  thb  Zero  of  H«aT|  619 
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STRUCTURE  AND  ACTION 
OF  MATTER. 


OF  MATTKE. 

1.  X  HE  ))heiioiiieiui  of  Physics,  Chemistryi  and  Physiology, 
htLwe  usually  led  reflecting  men  to  assume  the  existence  of 
three  orders  of  substanoes  or  agents.  Of  these  one^  which 
is  oamed  Mind,  cannot  be  made  an  object  of  sense,  nor  known 
ezoepc  by  consciousness^  and  its  action  impressed  upon  the 
others;  the  second^  including  Lights  Electricity, and  Magneu 
tism,  may  be  shewn  to  possess  in  certain  circumstances  the  pro- 
perties of  resistance  and  elasticity,  but  cannot  be  made  opaque 
so  as  to  be  Tisible,  nor  be  directly  felt  by  llic  sense  of  touch  ; 
while  the  third,  of  which  our  bodily  organs  themselves  consist, 
is  (and  as  will  be  afterwards  shewn  for  this  very  reason)  both 
visible  and  tangible.  These  three  orders  of  agents  are,  liowever, 
genendly  treated  of  as  belonging  to  two  classes,  viz.  mind 
and  wuUierj  the  properties  of  the  former  being  sensibility  and 
<x>gitat]on9  of  the  latter,  extension,  divisibility,  elasticity,  &c. 
and  a  liability  to  be  acted  on  by  mind.  In  the  three  first 
books  of  the  following  work  we  shall  occupy  ourselves  with 
an  investigation  of  the  phenomena  of  matter,  while  the  fourth 
will  contain  an  inquiry  as  to  the  existence,  and  a  cursory  view 
of  the  phenomena  of  mind. 

S.  On  instituting  an  inquiry  as  to  the  qualities  possessed 
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by  matter,  that  which  at  once  strikes  us  as  the  most  obvious 
is^rm.  For  since  matter  is  a  substance  extended  in  space, 
and  space  is  nothing  bti(  mere  extension  in  length,  breadth, 
and  depth,  it  follows  that  matter  is  an  extension  of  a  nature 
dissimilar  to  space,  and  therefore  on  every  side,  at  the  confines 
between  space  and  matter,  a  superficies  must  be  developed  as 
a  boundary  of  the  substantial  tbing.  But  the  sum  of  such 
superficies  constitutes  a  fimn :  ei^ety  porti^  of  master,  there- 
fore* surrounded  by  a  medium  dissimilar  to  itself,  must  have 
a  form ;  and  unless  we  are  to  base  pUlosophy  on  that  which 
is  inconceivable,  we  must  admit  that  this  form  which  limits  its 
substance,  defines  also  the  extent  of  that  body  as  an  agent. 

Another  property  which  matter  in  one  state  or  other  possesses 
universally,  is  elasticity^  0t  the  oapucity  of  sufiering  an  altera- 
tion of  form,  and  of  making  an  effort  spontaneously  to  recover 
itielf  when  tbe  force  wbidh  constrakied  it  is  leoK^ed.  FrQm 
this  moitiiDpQrtant  pit^rty  we  leam^  that  matter  is  not  indifie- 
jwil  tqiidsery  state  of  existence,  but  possesses  one  oonduiop 
nofe  ceii^iil  to  its  nature  than  anolba*,  ia  virtue  of  which  it 
tends  to  this  natural  atate  as  often  as  it  1ms  by  any  awdeiU 
horn  dbrtvsB  out  of  it  The  action  of  AuOlinr,  ibenefqre,  does 
not  wMisist  flttly  io  a  mene  yielding  to  an  eaotrinsic  ksipiiise, 
joid  jn  leuMnabg  £or  ^ver  in  tbs  state  into  wUch  it  has  been 
thrown,  but  in  it6  oapacity  to  auffer  tucb  a  cbimge  Iron  wi|h- 
ouly  tqgatker  with  Aat  of  sidwquenCly  making  a  ronihis 
fnm  witUm  toj-eoover  a  certain  JsoBditioB  more  jaatiind  (^  jt 
tfaas  another. 

As  has  been  already  atated,  tnatAer -exists  in  two  states,  idif- 
ieriiig  fram  each  other  in  so  many  featuve^  diat  it  is  neoas- 
'sary  to  oonaider  lliun  inidbividuatty.  The  one  may  be  caUad 
Hard  or  AiomicJildiier^  and  tlie  ether  Matoriai  or  SuHile 
MaUtr ;  terms,  the  former^  ^ich  ooiveqionds  to>bod)r^ 
icaannonly  understood,  and  the  latter  ao  the  **  auhtile  apint^ 
-^iescribed  in  the  lasl^paragraph  of  the  IWiiCiUi^  .«r  JNj£wn>N, 
or  to  that  class  of  bodies  often  juuned  Imponderable  Suii- 
stonoes,  with  the  exduoon  of  ibcat. 
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&  When  any  body  is  stript  of  the  subtile  nuittcr  wUdi 
penetrates  its  pores  and  invests  it,  to  which  it  owes  its  ooloiiry 
degree  of  hardness,  qpedfic  form,  electrical  state,  and  other 
sensible  or  chemical  properties,  there  remains  a  mass  of 
ittpenetiable  particles,  which,  uken  individually,  are  so  ex- 
ceanrdy  annate,  that  it  is  difficult  to  compare  them  with 
any  visible  magnitude.  One  grain  weight  of  gold  auiy  ba 
extended  over  a  surface  of  five  square  feet,  withoot  any 
visible  intervals  between  the  particles,  though  it  be  generally 
bdBeved  that  a  partide  of  gold  is  mora  than  a  hundred  times  as 
heavy  as  one  of  hydrogen  gas;  and,  therefore,  we  should  in- 
ter  much  larger  alsa  As  far  down  as  we  are  able  lo  carry 
microseopical  observation,  organised  forms  are  diaooversd 
so  minute^  that  it  requires  good  eyes  and  glasses  lo  render 
them  visible ;  and  any  awnal,  or  plant,  however  siaqpfei  nui* 
oertaiidy  be  composed  of  a  great  many  of  the  least  parts  into 
wUcii  nwtter  is  ultioiately  divided. 

4.  But  whatever  be  their  actual  magnitude,  it  is  to  be 
remarked  of  the  particles  of  matter,  that  they  possess  diffe- 
rent weights,  and,  to  judge  from  all  phenomena,  different 
magnitudes  and  forms  also,  in  different  sixxries  of  chemical 
and  natural  bodies ;  while  in  the  same  body,  they  always 
possess  these  qualities  the  same.  These  facts,  the  truth  of 
which  has  been  generally  anticipated  by  philosophers,  have, 
within  these  few  years,  been  placed  beyond  doul>t  by  the 
dMcovery  of  the  combining  ratios  of  chemical  substance— 
a  discovery  which,  along  with  those  simultaneously  made 
in  physical  optics  and  electro-magnetism,  or  the  dynamics 
of  subtile  matter,  forms  the  grand  achievement  of  this  age ; 
and  the  doctrines  advanced  in  this  work  derive  their  evi- 
cknce  chiefly  from  these  sources. 

5.  With  regard  to  the  nature  of  thi*se  six»cific  particles, 
a  question  Ims  often  been  agitated,  which  is  of  the  greatest 
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importance  in  physics.  Are  these  different  sorts  of  that 
impenetrable  substance  called  matter  ?  or  do  all  the  distinc- 
tive qualities  of  natural  and  chemical  bodies  arise  from  dif- 
ferences in  the  form  and  arrangement  of  ultimate  parts, 
which  are  universally  the  same  in  the  quality  of  the  naked 
substance  of  which  they  are  constituted  ?  Were  it  neces- 
sary to  entertain  the  opinion,  that  there  really  exist  portions 
of  matter  such,  that,  though  their  forms,  cif^itudes,  and 
mathematical  conditions  generally,  were  every  way  the  same, 
they  remained  heterogeneous  still,  then  we  could  no  longer 
cultivate  Philosophy  under  the  inspiring  hope  that  she 
might  one  day  reveal  to  us  the  structure  of  the  universe. 
For  if  we  admitted  into  the  constitution  of  terraqueous  bodies 
several  kinds  of  matter,  essentially  distinct  from  each  other, 
there  could  be  no  just  limits  to  conjecture  as  to  the  .nature 
and  variety  of  the  matter  which  existed  in  other  regions  of 
space ;  and  to  explain  this  phenomena  of  the  heavens,  we 
might  have  lecourse  to  as  many  hypotheses  as  there  are  stars, 
not  one  of  which  could  be  either  proved  or  disproved. 
Sir  H.  Davy  says,  in  his  Elements  of  Chemical  Plulosophy, 
which  are  now  rendered  infinitely  precious,  *^  If  that  sublime 
idea  of  the  ancient  philosophers,  which  has  been  sanctioned 
by  the  approbation  of  Newton,  should  be  true,  namely, 
that  there  is  only  one  species  of  matter,  the  different  chemi- 
cal, as  well  Ufi  mechanical,  forms  of  which  are  owing  to  the 
different  arrangements  of  its  particles,  then  a  method  of 
analysing  these  forms  may  probably  be  found  in  their  rela- 
tions to  radiant  matter.""      (P.  228.) 

It  is  the  principal  object  of  this  work  to  attempt  the 
analysis  here  anticipated  by  this  great  philosopher  and  che- 
mist, to  shew  that  there  is  only  one  kind  of  impenetrable 
matter ;  that  it  may  be  ultimately  divided  into  atoms,  uni- 
form in  size  and  shape  ;  and  that  the  particles  of  chemical 
and  natural  bodies,  commonly  called  their  atoms,  are  struc- 
tures constituted  of  these  ult'unate  atoms,  more  or  less 
powerfully  retained  in  union,  and  admitting  of  decomposi- 
tion or  not,  according  to   the   manner  in   which    they   are 
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•nodaled,  or  the  method  of  analysis  to  which  they  arc  8ub> 
jected. 

6.  As  to  the  nature  of  the  ukimate  atom,  little  need  be 
said.  It  may  be  inferred,  that  its  substance  is  physically 
impenetrable  on  every  side,  and  that,  considered  as  a  whole, 
it  is  elastic,  or  yields  to  an  impulse  or  pressuiv,  and  exerts 
a  fbire  to  resume  its  original  form,  when  that  which  altered 
its  riiape  is  remorcd.  This  property,  according  to  the  mode 
of  its  action,  gives  rise  to  two  classes  of  phenomena,  which, 
at  first  ngfat,  seem  a  little  different.  When  the  recoil,  as 
well  as  the  initial  movement^  is  observed,  the  substance  is  at 
once  recognised  as  elastic ;  but  when,  by  suatiuning  the  force 
which  impresses  it,  or  by  binding  it  down  in  the  compress- 
ed state,  the  recoil  is  prevented,  and  the  movement  of  yield* 
ii^  only  is  observed,  the  substance  is  recognised  as  pbutie. 
Thus,  if  a  steeUspring  be  touched,  the  vibrations  which  en- 
sue indicate  its  elasticity ;  but  if  it  be  rendered  magnetic, 
while  it  seeks  about  yiel||ing  in  every  direction  towards  iron, 
the  same  property  indicates  its  plastic  nature. 

The  view  which  has  now  been  given  of  the  atomic  struc- 
ture of  matter,  will  not  interfere  with  the  speculations  of  those 
who  are  curious  in  such  questions  as  its  infinite  (iivi<il)ility.  It 
isonlv  asserted,  that  these  atoms  do  not  <Kcur  in  nature  divid. 
cd,  and  that  the  cause  of  this  is  something  else  than  the  hy. 
pothcsis  of  BoscovicH,  who  otherwise  entertains  the  same 
view,  that  they  are  uncxtendcd.  It  may  also  \yc  remarked, 
that  they  are  different  from  the  atoms  of  Des  Cartes,  the 
impossibility  of  whose  existence  he  treats  of,  when  he  says, 
"  Cognoscimus  etiam  fieri  non  posse  ut  aliquie  atonii  sive 
materiae  partes  ex  nature  sua  indivisibiles  existant."^  (Prindp. 
p.  31 .)  It  may  be  admitted,  that  there  is  no  limit  to  the 
divbion  of  an  atom,  in  as  far  as  its  own  nature  is  concerned. 
It  will  serve  the  purposes  of  physics  and  chemistry  well  enough 
to  maintain  that  atoms  do  not  occur  divided,  lx?cau8e  there 
are  no  bodies  in  nature  harder  than  themselves  to  break  them 
down. 
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7.  If  it  be  thought  by  any  cnoe,  that,  in  cases  of  vicdent 
attrition  and  percussion,  accidents  might  occur  to  these  small 
bodies,  and  that  it  would  be  interesting  to.  know  what  would 
beoome  of  the  fragments,  it  may  be  suggested,  for  the  con- 
nderatioQ  of  such  virtuosos,  whether  it  be  not  probable,  that, 
when  a  bit  was  broken  off  an  atom,  the  whole  was  changed 
into  subtile  matter.  This  hypothesis  would,  at  least,  ex- 
onerate the  view  now  advanced  of  the  charge,  that  much 
injury  might  be  done  by  the  destruction  of  atoms ;  or  if  it 
be  thought  that  no  substitution  could  compensate  for  the  loss 
of  solid  matter,  it  may  still  be  urged  that,  periu^)6,  an  atom 
is  a  hollow  shell  of  subtile  matter  in  a  concrete  state ;  that 
the.  quantity  of  solid  matter  entering^  into  its  composition  is 
exceedingly  small ;  and  that,  as  4itomic  matter,  when  it  can*- 
not  exist  as  such,  changes  into  subtile  matter,  so  subtile  matter, 
in  other  circumstances,  may  concrete  into  atomic  matter. 
Our  eyes  are  too  bad  for  seeing  such  things,  though  they  really 
were ;  and  perhaps  those  who  woi^  be  content  to  believe 
them,  do  no  more  injury  to  sound  philosophy  than  those  who 
pretend  to  deny  them.  This  much  may  be  safely  affirmed 
with  old  authors>  that  the  ultimate  atoms  of  bodies  are  hnge 
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I.  Atomic  matter  is  always  surrounded  by  an  atmosphere 
of  an  elastic  substance  of  a  very  subtile  nature,  extending  to 
a  certain  distance  beyond  the  hard  nucleus  which  it  invests, 
and  increasing  in  density  in  the  ^bjiplicate  ratio  oi  its  depth. 
Uiis  neither  viable  lyir  ponderahldf  but  it  is  the  cause  both 
of  .oolour-  and  weight ;  nor  is  it  impenetrable  to  every  body, 
Qor  doesi  it  oppose  fmy  seanble  resistance  to4ie  ^ense  of  touch. 
The  hand  may  be  made  io  approach  the  stroi^[est. magnet, 
without  being  able  to. discover  that  any  substance  exists  be- 
yond the  surface  of  the  iron.     Its  subtile  matter  is  nowise 
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npoMCnble  to  the  hnd,  but  it  is  napMctt  Ale  to  *mattar  of 
iia  own  kind,  and  a  Muhr  pole  of  aoodMr  MIgnil  donHOMb 
41  gieaft  fixee^  biftm  tl  oan  be  pmnd  thiou^  tke  eubdle 
nntter  winch  mvcite  them  both.  If^  i^dn,  not  wnilart  bv^ 
ithre  poke,  be  peettnted  to  eedi  other,  the  cfhhneB  of 
iu>ef»ediete  lechenMBi  b  no  lete  •wdActory.  Thefbw 
portione  of  anbtile  netter  bdng^m  tiieh  e  itole  thel 
I  of  both  ie  neomary  to  ptnduce  the  eondition  of  neturai 
thej  beeome  eoofluent,  and  tlwniBf  tofimn  to  whieh 
they  are  attached  are  coneeqiiently  drawn  together.  They 
are  aaid  mutually  to  attract  each  odierf  but  we  are  net  to 
aappoee  that  this  arises  from  any  occult  quality,  virtue,  or 
power,  proper  to  the  ditoe  bodies  meeting  each  other,  wMbh 
is  not  itself  a  substance  subaritting  to  certain  physical  move- 
menta,  like  the  wassw  of  iron  themselves.  Neither  are  we  to 
hriiere  that  the  phenomenon  is  exphuned,  when  we  are  toll 
that  the  iron  and  the  magnet  attract  each  other,  because  they 
are  near  each  other.  To  explain  sudi  phenomena  by  a  (fie. 
couTK  on  the  relation  between  iron  and  a  magnet,  with  -a 
view  to  shew  that  motion  is  produced  by  a  simple  pruaianty 
in  space,  without  the  ad  of  any  intenrening  mechanism,  is  not 
in  any  degree  aatiftfactory ;  and  to  ascribe  our  unwillingness 
to  receive  this  view  to  a  natural  love  of  myHterVf  which  is  al- 
ways pleased  to  imagine  the  agency  of  invisible  powers,  is  to 
simplify  philosophy  at  a  great  expenss,  and  at  once  to  accuss 
U6  of  a  fondness  tor  mystery,  and  to  aggravate  our  weakness 
by  imposmg  an  excessive  mystery  upon  us.  It  is  true,  that 
the  power  which  causes  a  phenomenon  is  nothing  mors 
than  an  event  which  precedes  it ;  but  between  all  )>hysical 
phenomena,  which  are  mulually  dependent,  there  is  a  material 
mechanism  continuous  in  space.  A  magnet  attracts  a  bit  of 
iron,  because,  thdr  subtile  parts,  though  they  do  not  posnoss 
eoiour,  and  are  not  seen  or  felt  (except  by  the  proper  ap* 
paratus  of  touch  which  is  a  polarity  of  the  same  kind),  are  in 
gonffKl      Physical  aiotiun  is  never   produced  where  there 
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is  not  immediale  oonlact  of  the  body  morcd.  These  aie 
oertainly  the  ideas  of  the  transfertnce  of  motion,  which  are 
most  grateful  to  a  ooaMDOD  understanding  ;  and  that  the  pMlo- 
flophy  which  would  banish  from  phyacs  the  exisCenefe  of 
what  have  been  called  imponderable  Bubetanoes  is  not  suitable 
firflche  purposes  ci  science,  is  shewn  by  the  £Kt,  that  those 
friio  are  most  conversant  with  phenomena  are  not  contented 
to  believe  that  visible  parts  are  all  that  actually  exist, 
and  all  the  mechanism  empbyed  in  devdoping  the  phcno- 


like  atomic  matter^  sabt&  matter  is  ultimately  of  one  kind, 
and  its  function*  are  linuted  to  a  few  modes  of  action.  But 
it  is  modified  in  the  phenomena  whiA  it  produces,  according 
to  the  region  of  the  atom,  or  group  of  atoms,  which  it  invests ; 
and. every  species  of  body,  according  to  its  molecular  consti- 
tntions  modifies  in  a  specific  manner  the  subtile  matter  pro- 
per to  the  ultimate  atoms  of  which  it  consists.  Polarity, 
attractioo,  repulsion,  mid  rotation,  are  the  classes  of  motion 
to  which  subtile  matter  gives  rise,  according  to  the  state  in 
which  it  exists  in  the  medium  where  the  motion  takes  place; 
and  it  maybe  remarked  generally,  that  when  the  subtile  matter 
of  diflferent  bo^ea  b  in  aquUibriOf  as,  for  instance,  when 
thor  electrical  states  are  the  same,  they  repel  or  attract 
each  other  only  when  they  have  ttnatural  analogy  of  form  ; 
that  isr  in  as  fiur  as  their  subtile  matter,  viewed  in  its  specific 
modification,  is  concerned ;  but  at  a  certain  degree  of  nearness 
or  distanoe,  difference  of  specific  structure  is  overcome  by  the 
generic  sameness  of  all  bodies,  because  they  are  ultimately 
formed  of  mmilar  atoms. 

The  ultimate  atom,  like  the  gmser  bodies  to  which  it 
^vas  rise,  is  composed  of  a  nucleaa  of  hard  matter  invested 
1^  sull^  matter ;  and  to  it  the  phenomena  of  attraction,  re^ 
pubion,  and  polarity  belong,  and  act  according  to  the  same 
laws  as  in  more  obvious  cases.  As  these  kws  are  the  syllables 
of  the  laws  of  nature,  and  must  become  the  guide  of  our 
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rcMMfchcs  amoag  the  in§eii8ible  movemcnU  of  Kght  and 
heat,  and  chemical  umon,  it  is  Moeaury  to  hhrcflligate  them 
■omewhat  in  detail  *. 

10.  Stddtk  mmiierj  whem  rnhmhtd  to  the  angks  of  atomic 
maUer^  givu  riae  io  thg  phenofmena  ^aitrmihm  aud  pmma^ 
nemi  odkenon,  amd  u  polarisml  to  a  terimn  diHmnrg  miUM 
ike  aiomic  body.  The  lofter  any  amall  itcvi  loKd  is  made, 
■o  as  to  admit  of  ai  free  a  diitribution  of  iin  magnetism  as 
poayble,  the  more  Ughly  is  iu  attraetave  polarity  confined 
to  its  angles;  and  there  is  every  reason  to  belioTe,  that, 
when  a  polariaed  attraction  is  exhibited  on  a  enrfiue^  it  is 

*  The  experimenta  bv  w|iicb  the  fulluwing  ntult^  u  Ku  puUrUeil  ac- 
tion were  obtained,  were  performed  bjr  the  aid  of  gronu'trk-al  funiM, 
tomKiniei  made  of  solid  alecl,  gometimea  of  atrel-phtra  cvnictitcd  Cage- 
Uier  bj  a  maipietic  cement,  and,  at  cilber  timiaB,  of  needles  united  in  a  4. 
milar  maraiier,  the  metal  being  alwajrs  auiWued.  The  naagseihna  vm 
communicated  bjr  bringing  a  magnvt  near  thum  while  tbv^  wvre  rvvulviog 
at  the  rate  of  ibur  or  fire  thoumnd  timci  in  a  nilnuto,  at  thu  vstrvniit/ 
of  a  gl—  qjilniifc .  By  imparting  to  them  ra  ra|)id  a  rt>latiiin,  the  mag- 
aeiism  might  be  ngifdcd  aa  simultaneouslT  communicated  to  oppiidKe 
legiofis,  and  an  irregular  dktribuiioB  from  induction  waa  pcvreotnL  Ths 
rvsuUing  ftate  of  the  maguetif  m,  after  the  magnetiacd  Ibrm  liad  botn  kft 
U>  repcisc  for  some  time,  was  ascertained  by  the  rcpulsinn  uji wards  of  a 
iioIkFw  steel-cjlinder  f\x\\  of  air,  with  an  oiHMiiii^  at  tx  11111111.  i.-iicKMHtl  in  a 
niall  glaawtube  filled  with  spirit  of  wine,  and  with  a  vn*«in^  &p|uini(us 
at  top*  bj  elevating  or  depressing  which  the  specific  gni%'ity  uf  the  needle 
ct>uld  alwajs  be  brought  to  tliat  of  the  spirit  in  wliiih  it  movevl.  ThuS| 
the  weight  of  the  needle  did  not  interfere  with  its  OH'CMit  in  the  i^irit, 
which  being  read  oiT  on  a  scale,  attached  like  that  of  a  themiunwter, 
though*  of  course,  graduated  on  a  difTcrent  princi]>K\  piw  very  !(atis- 
factory  indications  of  the  amount  uf  the  repubion.  Hut  I  lieliere  ttie 
instrument  in  sa^ceptible  of  still  greater  impruvenieut,  and  it  need  not 
be  deicribed  in  detail.  It  will  be  perceivcil,  however,  thai  the  fuUow. 
ing  generalizations  are  neither  altogether  the  rt^nult  of  new  expcii* 
menta,  nor  of  anr  ciperinienta,  but  deductions  from  lN>th,  along  with  the 
cooaideration  of  natural  idienomena  as  to  the  prol>al>le  nuvhanism  of  MiI>tilo 
matter.  To  limit  our  researches  by  actual  ex|)i>nment,  in  to  exi-hide  our* 
!ielvc9  frum  the  inquiry.  Astrunomem'attcinpt  to  disi-ovcr  the  weight  of 
the  heavenly  bodies  without  the  um>  nt'thi*  l^daiue.  The  atuni.s  of  bodies 
are  ef|ually  inaccessible  ;  and  we  must  content  otirsclvcH  with  5uch  as  we 
ran  comman<l 
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only  in  regard  of  thai  nirboe  being  a  oongeriee  of  ai^lar 
points,  whichrTiio  polishing  cani  destroy.  In  the  oomvum 
magnetic  needle,  the  poles  are  not  at  the  aag^es;  but  the 
ooedle,  as  eommooly  made,  is  an  unnaUiral  Ibrm,  combin- 
ing  subtile  matter  both  limits  pokriaed  ind  dnmlated  atate^ 
aiAriU  be  afterwards  shown.  If  the  ultimate  alom,  then, 
possess  angles,  they  will  exhibit  the  poiser  of  attraction  and 
permanent  adhesioD  analogous  to  that  of  iron.  Every  pola- 
rised attnictioD  has,  indeed,  its  lOGnespondmg  repulsion; 
but  the  only  agency  of  sudi  a  repulsbn  is  to  regulate  the 
positions  in  which  bodies  shall  apply  themselves  to  each 
other.  On  the  great  scale,  the  attractive  principle  is  uni- 
versally attractive*  % 

When  two  consecutive  angles  «ct  upon  each  other,  their 
fiirce  towards  union  is  inversely  as  the  square  of  the  distance 
between  them.  When  a  polarized  body  attracts  another 
which  is  not  polarized,  but  is  susceptible  of  being  attracted, 
the  force  by  wUch  it  is  solicited  seems  to  be  as  the  cube  of 
its  distance.  When  two  polarized  ai^es  of  one  approach 
and  ttittte  with  two  polarized  an|^  of  anoAer,  they  approach 
and  are  retained  in  ooheaon  by  a  force  in  a  higher  ratia 
When  three  meet  and  unite  with  three,  they  observe  a  ratio 
fltiU  higher ;  and  so  on.  If,,  then,  the  particles  of  bodies 
be  angular,  the  various  phenooNM  of  cohesion  which  they 
exhibit  may  be  ex[dain*d  by  the  number  of  angles  which  co- 
here in  i  given  space. 

The  whole  analogy  of  nature  induces  the  belief,  that 
the  saaallest  parts  of  matter  are  very  bigUy  angular.  Forms 
with  rounded  faces  are  only  met  with  in  bodies  of  a  most 
complicated  structure,— -such  as  the  eye,  fruits,  and  other  or- 
gmiied  forms,  or  those  which  require  a  qAeroidal  £arm  for 
the  equilibrium  of  their  motions^  as  the  heavenly  bodies. 
The  UKMre  minutely  we  comninute  any  body,  the  more  high- 
ly  angular  do  its  parts  become.  The  primitive  forms  of  crys- 
tals are  generally  more  acutely  angular  tfaaa  those  in  which 
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they  oociir  in  iMture  ;  and  even  in  higjbly  polygonal  leasular 
fbroMy  which  are  the  most  perfect  productions  af  inoiganic  na- 
tare,  a  tendency  towards  the  sphere  is  effected  only  fay  ink 
creasing  the  niunher  of  an^es.  All  things  considered,  it 
would  be  very  strange,  and  contrary  to  the  whole  aspect 
of  nature,  if  the  ultimate  particles  of  bod^  had  laind 
fiKes,  and  forms  wUch  were  either  spherical,  oUate,  or  other* 
wise  than  hi^y  angular.  Entfrfaining  the  bdief,  in  the 
mean  time,  that  they  do  possess  an^es,  these  we  are  to 
regard  as  the  fod  of  the  permanently  attractive  principle. 

Subtile  matter,  when  giving  rise  to  the  phenomena  of  attrao- 
tion  and  permanent  oohesioo,  has  obtained  a  variety  of  name% 
according  to  the  drcuaptances  in  which  it  acts.  Thus,  it  is 
caDcd  the  power  of  gramiaUon^  when  it  causes  bodies  tend 
to  unite  with  the  evth,  or  operates  between  the  heavenly 
masses;  of  aggregatiomj  when  it  causes  particles  of  the  same 
species  more  or  less  distant,  to  a{^)roach  towards  forming  one 
volume ;  of  cyyitoffitfllton,  when  it  c^perates  at  the  ^'*^^nrf^ 
at  which  it  is  polarixed,  and  arranges  them  sjrmmetrically  { 
of  coheskm^  when  it  retains  them  in  union ;  and  of  m4||iis^ 
tjm,  when  it  bdongs  to  iron*  These  diflbrent  names  are  very 
usefii],  and  are  philoaophicaliy  accurate.  They  do  not,  how- 
ever, express  different  powers,  but  the  same,  producing  the 
various  phenomena,  which  are  the  proper  offspring  of  its  ex* 
istence  in  the  circumstances  implied.  All  bodies  are  attract- 
ed towards  the  earth,  and  the  heavenly  bodies  towards  each 
other,  because  subtile  matter  acts  mutually  when  investing 
similar  forms ;  and  all  bodies  being  ultimately  composed  of 
similar  atoms,  are  in  this  regard  similar.  Gravitation,  then, 
is  only  a  generic  aggregation.  But  as  these  atoms  are  ar- 
ranged in  different  ways,  and  give  rise  to  various  structures, 
similar  structures  are  attracted  towards  each  other  in  prefer- 
ence to  dissimilar  ones ;  because,  while  they  have  all  the  ge- 
neric attraction  of  the  latter,  they  have  a  specific  rocognitioD 
of  each  other,  in  consequence  of  a  specific  similarity  of  form 
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which  the  others  want.  Crystallization  is  the  same  power 
operating  at  the  distance  at  which  it  is  polarized,  and  caus- 
ing the  particles  to  come  together  in  a  conformable  manner. 
Cohesion  is  merely  the  sustained  action  of  the  same  power ; 
and  it  will  afterwards  be  shewn,  that  there  is  something  in 
tb^  nature  of  iron  to  occasion  a  more  vigorous  exhibition  of 
polarized  attraction  than  other  bodies ;  but  there  is  no  reason 
why  we  should  not  make  use  of  its  polarization,  which  is  the 
only  one  easily  examined,  and  deduce  the  general  phenomena 
of  polarity  from  it. 

11.  7*100  polarized  angles^  umUd  by  a  line  or  edge,  possess 
their  subtile  matter  in  slates  consecutive  to  each  other.  With 
this  phenomenon  every  one  is  familiar  in  the  common  mag- 
netic needle.  There  are  narrow  limits,  however,  within  which 
only  the  proposition  is  true.  If  the  length  of  the  line  be 
greater  in  relation  to  the  area  of  its  transverse  section  than  a 
certain  quantity,  it  is  more  natural  for  a  repetition  of  poles  to 
occur  along  the  axis,  than  for  the  whole  to  contain  two  poles 
only  at  its  extremities. 

Fiom  the  foct,  that  the  extremities  in  an  individual  axis 
are  consecutive  to  each  other,  it  follows,  that  an  axis  compos- 
ed  of  easily  flexible  materials  can  only  continue  to  exist  while 
it  remains  straight ;  for  on  departure  from  an  opposition  of 
the  consecutive  poles,  they  must  tend  to  unite  (if  within  the 
sphere  of  mutual  action)  on  that  side  on  which  the  approach 
has  been  made;  and  as  the  axis  becomes  more  bent,  this 
tendency  must  increase  till  the  axis  be  bent  into  a  circle. 
When  the  subtile  matter  of  a  polarized  axis  is  thus  disposed 
of  in  a  circle,  it  may  be  said  to  be  circulated. 

Let  A  X  (Fig.  1.)  be  a  polarized  axis  composed  of  a  flexible 
substance.  As  soon  as  the  direct  opposition  of  A  and  X  is  de- 
stroyed, these  points  being  consecutive  to  each  other,  approach 
and  unite,  and  the  axis  is  resolved  into  a  circle  such  as  C. 
When  attached  to  matter  in  this  form,  the  subtile  principle 
Is  found  to  possess  one  polarity  on  the  external  aspect  or 
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peripheral  anglef,  and  anolher  on  the  iolemal  aiprct,  or  intha 
axk  on  both  lides  of  the  equator.  Theradiiifbiiowthepoli^ 
jiied  axk, 

15L  The  MracAvt  emergjf  ^  a  bodjf  u  vny  mmck  dimi^ 
muhtd  bjf  mJ(fecHng ii  torn  verj^  rapid  xfibraioty  wtoiitm.  1% 
is  well  knovDy  that,  when  a  vigorous  magnet  is  niada  to 
rin^  bj  being  struck  for  some  timei  il  Iqks  much  of  ita 
force.  It  is  affected  in  a  similar  manner  as  if  it  had  been 
healed,  wfaidi,  I  will  afterwaids  attempt  to  shew,  is  oolj 
the  exciting  of  tremor  in  its  ultimate  atoms.  I  have  not  been 
able  to  detect  anj  diminution  of  energy,  but  father  Uie  le- 
TCTK,  by  a  rotatory  moiioiL  When  a  polarised  bipyramid 
was  made  to  revolve  four  or  five  thousand  times  in  a  minute^ 
and  far  half  an  hour,  its  polarity  seemed  rather  to  have  ae» 
quired  additional  symmetry,  unity,  and  strength. 

IS.  Snbiik  wuOUr^  when  attached  to  the  eurfacee  qfaiamm 
wtaUcTj  or  the  areae  between  the  angles  and  edges^  gieee  ri$e 
to  the  phenomena  of  repuUion  and  ratr^acHon^  and  iepolth 
riztd  to  a  certain  distance  on  opposiie  sides  ^*  a  neniral 
pLsne.  The  repulsive  principle  Kkt  the  attractive^  rsoeivis 
difiereot  names,  according  to  its  specific  modifications,— 
sudi  as  light,  electricity,  galvanism,  the  force  of  affinity,  the 
force  which  causes  fermentation ;  and  it  is  often  not  distin- 
guislied  from  heat  In  this  work,  it  is  as8Uim*d  that  heat, 
though  it  instantly  induces  a  definite  change  in  the  distribu* 
tioD  of  subtile  matter,  is  in  reality  nothing  more  than  a  vibra- 
tory motion  in  atomic  matter.  No  fault  need  be  found  with 
the  names  light,  electricity,  galvanism,  chemical  affinity ;  but 
if  these  be  admitted,  many  otliers  ought  also  to  Ik*  iutro> 
duccd  ;  for  every  species  of  body  modifies  its  subtile  matter 
specifically,  and  luu  an  electricity  of  its  own. 

As  all  bodies,  however,  (being  composed  of  similar  atoms) 
have  universally  similar  facets  to  which  the  repulsivo  energy 
is  proper,  all  the  different  species  of  electricity  rea>|^ise  each 
other  more  readily  than  the  (iifferent   species  of  attraction, 
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for  the  aiigle»inaj  be  T«fy  diMttilar^*  one  angle  being  often 
fonned  bj  the  ttmon^of  others  of  «a  more-  acute  form.  That 
electricity  and  light  belong  to  the  areas,  and  not  the  angk9 ' 
of  portieles,  is  inferred  fiom  the  fact,  that  the  electric  fluid  is 
rapidly  dissipated  from  angles ;  and  from  the  necessity  ^nf* 
rounding  and  polishing  as  highly  as  possible  those  bodies 
which  are  to  be  rsaderod  very  highly  electric  or  illuminated.* 

It  has  beea  said,  that  the  surface  is  pdarized  on  opporite 
aspects^  or  if  it  be  positive  on  one  side^  it  is  n^ative  on  the 
other.  Thus,  let  two-  bodies,  which  are  not  in  the  same^ 
electric  state^'be  applied  to  each  other ;  if  one  face  be  found 
positive^'  the  other  iq  found  negative^  and  the  series  of  ex- 
cited lamuMB,  if  die  substance  be  eiqpable  of  ^ving  rise  to 
polarized  axes,  is- continued  backwards  on  both  rides,  from 
the  region  of  excitement  >  to  a  certain  <iistancei  Between  thc^ 
poles)  as.'ii8ual,v  there  is  a  neutral  r^on,  which,  in  this  case, 
is  a  plane*'  •  If,  again,  a  thin  film  be  exposed  to  the  light,  so 
that  the  repulsife- fluids  prc^per  to  its  ulthnate  atoms^  shall  be'^ 
excited  into  «^  polarized*  «xi%>  one  colour  wiU  be  seen  on  that  ^ 
side,  and  on^ the  other  thejMi|l|utive  tint,  or  such  an  one  asy 
when  united 4o>lhe£iMv<  neutralizes  the 'polarity,  and  removes- 
the  chPsoMitie^cxcitemiaint.  The  phenomena  are  perfectly 
analogous^  But  there  is  the '  same  difibrenoe  between  light 
and  electridty,  diat  there  is  between  gravitation  and  aggrega- 
tion.  Light  and  gravitation  aw  the  phenomena  produced  by  the 
specific«ubtile  principle  X3f  the  ultimate  atom ;  electricity  and 
aggr^ation  are  theiphenomena  produced  by- the  subtile  prin- 
ciple spedfioally  modified  by  difibrent  sorts  itf  compound  par- 
tides. 

14^  TTteJbrm^  the  msbtik  mailer  imeHbig  a  fw^ii^ 
atomic  matter  whose  magnitude  is  inconsiderable  is  a  sphere, 
its  destiny  inerensinffin  the  dypKcate  ratio  qfitsdepth;  and 
when  two  polarixed  iuces  are^cof^luenty  by  being  within  the^ 
sphere^miutuatmetion,^lociof  equal  density  constitute  a 
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UwrniseokL  Wiien  the  nagaelooicter  if  moved  round  a  mag* 
BeCk  angle  of  gmi  power  oonpared  with  itieif,  in  any  dirac 
tioii,  the  lower  extreoiity  of  the  index  deflcribcf  a  cirrle  of 
which  the  magnetic  point  is  the  centre.  When  spheres,  how. 
ever,  that  are  mutually  impenetrable  or  repuUve,  are  premed 
together,  they  seem  to  compreiw  each  other  into  oblate  figures. 
Conmentive  iphercih  on  the  other  band,  when  made  to  unite 
or  satina,.  draw  cwt  each  other  into  prolate  or  ovale  figurssi 
Totiaeetheloct  of  eqaal  intensity,  is  an  experiment  of  greater 
ddicacy  than  I  have  been  able  to  perform.  But  e%*ery  indica- 
tkm  lad  U»  the  conclusion  which  has  been  asaartainrd  by 
Mr  HefBcliel,  in  reference  to  the  atomic  repulsive  principle, 
that  the  loci  of  equal  tint  or  intensity  in  two  axes  partly  h»- 
■mlogatfid,  mrt  expressed  by  a  lemnisooid,  or  ellipse  compressed 
in  the  rqgion  of  the  transverse  axis,  and  of  such  a  property 
that  the  product  of  the  two  lines  drawn  from  the  foci  to  any 
point  in  the  curve  b  a  constant  quantity. 

IB.  Forms  of  a  bipjframidal  suped  ouly  are  cujMtbU  ofbt- 
eamimg  polarised  in  a  Sjfmmetnad  and  quiescent  numnsr^  or 
ike  mcOom  ^folariiy  u  io  demifffe  Jbrms  v/uch  are  q^mme" 
triad  mmd  €vfa  bipj^rmmidal  ospteL  The  better  to  investigate 
the  phenomena  of  polarized  attractions,  I  heed lessly  constructed 
a  number  of  tke  mofit  eminent  forms  of  geometry  and  crystal- 
lography ;  but,  on  magnetizing  the  fonnti  which  were  not  of 
a  bipyrauiidal  character,  was  perpetually  met  by  pok^  towards 
the  cyesiti«6  of  lines  and  faces ;  and  in  situations,  which,  except 
in  so  far  AS  they  were  a  congeries  of  angles,  were  incapable 
of  entertatfiipg-the  attractive  principle.  Wherever  pdcs  were 
thus  developed,  |  jidievcd  the  form  by  Hubfitituting  angles 
in  their  place ;  and  thus  was  speedily  conductetl  to  a  Inpyrami- 
dal  iorm,  as  the  limit  ot  the  reduction  in  which  the  distribu- 
tion of  the  polarity  became  symmeirical  and  qmcMxait. 

Lot  a  very  flat  prifiro  or  angular  disk  of  very  soft  stool, 
while  revolving  rapidly,  be  polad/ed,  by  presenting  tiie  pole 
of  a  magnet  in  the  plane  of  its  icvolutioo.     Upon  cxamina- 
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tion,  all  the  angles  of  the  circumference  will  be  found  to  have 
acquired  a  polarity  of  the  same  name,  while,  at  the  centre  ou 
both  sides,  will  be  found  a  polarity  of  an  opposite  name ;  and 
in  whatever  other  way  the  magnetic  polarity  be  induced  upon 
it,  it  will  either  destroy  itself,  or  be  developed  awkwardly, 
until  this  limit  be  attained. 

It  is  also  important  to  remark,  that  such  a  central  polarity 
may  be  so  covered  in  by  spheres  of  subtile  matter  of  an  oppo- 
site polarity,  belonging  to  the  angles  of  the  circumference,  that 
it  is  inaccessible  to  a  Consecutive  pole  of  a  body  made  to  ap- 
proach it,  unless  when  the  peripheral  sphere  or  annulus  of  sub- 
tile matter  is  violently  penetrated.  '  Thus  I  have  frequently 
magnetized  surfaces  of  tempered  steel,  so  that  the  index  of 
the  magnetometer,  when  its  incident  pole  was  of  the.  same 
name  with  that  of  the  peripheral  angles,  could  not  be  suffered 
to  come  within  the  central  sphere  of  attraction,  though  a 
strong  one  existed  there.  The  central  and  consecutive  sphere 
was,  as  it  were,  covered  in  on  all  sides  by  the  subtile  matter 
attached  to  the  circumference,  which,  being  of  a  similar  po- 
larity, repelled  the  index.  j|cit  when  I  brought  down  the  in* 
strument,  through  a  fall  of  several  inches,  the  momentum 
which  the  index  thus  acquired  was  now  able  to  carry  it  through 
the  repulsion  emanating  from  the  peripheral  angles,  whereupon 
t  instantly  perched  upon  the  centre  with  a  velocity  propor- 
tional to  the  central  attraction  wSich  solicitated  it.  When, 
agaiuy  it  was  relieved  from  its  engagement,  though  removed  as 
nearly  as  possible  In  the  direction  of  the  axis,  as  soon  as  it  came 
under  the  influence  of  the  peripheral  repulsion  it  flew  off  as  if 
exploi^vely.  When  the  polar  disk  of  a  qpgnet  is  of  consider, 
able  extent,  it  will  be  found  in  a  similar  condition  ;  and  if  it 
be  composed  of  laminae,  that  in  the  centre  will  be  found  in  a 
neutralized  state,  like  the  colourless  lines  of  a  crystalline  plate 
viewed  in  polarized  light  along  the  axis  of  polarization  (or  the 
axis  of  no  polanation).  Since  a  polarity  is  found  at  the 
centres  of  these  tables,  had  they  power  to  alter  their  shapes 
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ao  as  to  Mfwnc  a  form  of  equilibriuo^  their  centre  would  be 
devated  into  a  solid  angle  on  both  sides ;  that  is,  they  would 
beoome  the  equators  of  synunetrical  or  double  pyramids, 
(which,  for  the  sake  of  perspicuity,  and  not  to  interfere  with 
the  language  of  geometry,)  I  shall  continue  to  denominate 
bipyramids.  Sudi  forms,  wbaterer  be  the  number  of  their 
angles,  may  be  regularly  and  permanently  polarized  at  once ; 
and  whatever  other  forms  an  attempt  is  made  to  polarise  re. 
golarly,  they  must  be  constantly  altered  and  relieved  till  they 
beoome  simple  or  compound  bipyramids  or  figures  with  trian- 
gular faces,  one  region  of  which  may  be  regardedas  the  equa- 
torial or  prismatic,  in  reference  to  another,  which  is  regarded 
as  the  polar  or  pyramidaL  I  need  not  describe  the  various 
forms  which  I  inconnderately  prepared  and  subjected  to  es- 
perioient,  with  a  view  to  ascertain  the  state  of  their  resultant 
polarity.  Accustomed  to  regard  the  magnetic  needle  as  a  re- 
gular aoGd,  and  noC  as  an  edge  of  a  solid,  which  it  really  is,  I 
always  expected  opposite  poles  in  points  diametrically  oppo- 
site ;  and  this  expectation  made  a  very  obvious  truth  mndc- 
what  inacoesoUe.  Suffice  it  Ui^aayt  that,  having  found  that 
imall  forms,  constituted  of  edgitand  angles  only,  served  the 
purposes  of  investigation  better  than  forms  of  solid  steel, 
I  built  them  of  softened  needles,  united  by  cenu'nt,  in  which 
utHi  filings  were  mixed,  covering  the  angles  with  iron  filings 
while  the  cement  was  soft ;  then  niagiietisccl  them  in  the 
way  which  has  been  mentioned ;  and  when  time  had  been 
allowed  for  the  subtile  fluid  to  equalise  itself,  I  corrected 
and  relieved  them,  by  modifying  their  forms  at  a  spirit 
Ump.  Many  interesting  and  nameless  figures  were  evolved, 
some  of  which  I  have  since  had  the  pleasure  of  recognising 
in  what  are  bdieved  in  this  work  to  be  the  forms  of  the  par- 
ticles of  some  chemical  bodies,  a  pleasure  not  then  antid- 
pated ;  but  every  form  was  ultimately  laid  aside  with  a  bipy. 
nunidal  habit,  or  a  tessular  form,  in  which  the  faces  were  irian- 
guUur.     Thus,  a  cube  to  relieve  the  polarity  which  emanated 
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from  tbe  centre  of  the  faces^  was,  by  enlargiug  its  fomi)  chang- 
ed into  a  heiLsodral  trigonal  ioositetrasdron,  or,  by  diminishing 
it,  into  a  body  of  a  re-entrant  form  of  the  same  character. 
In  observing  the  development  of  the  crystalline  forms  of 
common  salt,  during  the  evaporation  of  a  drop  of  salt  water 
under  the  microscope,  tbe  production  of  the  same  forms  in 
connection  with  the  cube  inll  be  constandy  observed.  Tbe 
re-entrant  icontetrssdixin,  had  the  matter  which  composes  it 
power  to  alter  its  shape  in  obedience  to  its  polarity,  would  break 
up  into  twenty  tetraedrons  and  an  octaedron  :  and  the  polarity 
of  these  t^^drons  would  only  be  in  aequilibrio  when  the 
substance  which  composed  them  had  expanded  and  contracted 
till  all  the  angles  became  equidistant,—* that  is,  the  tetrsedrons 
r^ular.     (See  Note  A.) 

The  tetraedron  (Fig.  S.)  differs  from  all  other  forms,  in  being 
quite  destitute  of  any  region  which  could  be  recognised  as  tbe 
equator.  Its  polarity  cannot  be  in  a  state  of  repose,  nor  can 
it  be  sustained  in  a  state  of  insulated  existence,  but  by  the 
interposition  of  a  repulnve  medium  between  contiguous  par- 
ticles. If  permitted  to  approach  each  other,  two  would  im- 
mediately  unite ;  and  thus  .A  triangular  bipyramid  (Fig.  3.) 
would  result,  which  is  obviously  capable  of  a  symmetrical 
polarity,  and  which,  if  it  be  not  quiescent,  it  is  only  because 
its  form  is  too  highly  pontive,  as  will  be  afterwards  explained. 
In  other  instances,  five  would  unite  by  an  edge,  and  give  rise 
to  a  pentagonal  bipyramid  (Fig.  4.) ;  or  six  (Fig.  6.),  and  en- 
close a  space,  whiob  is  a  triangular  bipyramid,  isamorphoua 
with  Fig.  3,  and  having  its  faces  covered  by  an  angular 
form ;  or  dght,  and  give  rise  to  an  octadral  space  covered 
by  eight  triangular  pyramids  (Fig.  &),  thus  constituting  m 
trigonal  ioositetrsBdron  with  the  edges  of  the  fundamental 
ocUedron  re-entrant;  or  ten  (Fig.  7.),  and  give  rise  to  m 
pentagonal  bipyramidal  space,  isamorphous  with  (Fig.  4.), 
each  face  being  cov^^  with  a  triangrular  pyramid.  Thua 
it  appears,  that  the  tetraedron,  which  is  the  ultimate  form  of  ai^ 
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gultf  bodiei,  when  iiiTetCrd  with  miblile  nuitur,  nay  bt 
preacnred  onlj  by  being  kept  from  fwcett  to  others,  m  by 
each  being  invested  by  a  repuMipe  sphere,  and  it  b  most  fertile 
of  bipynunidal  forms. 

18.  /njbrmsregylarfypolmrizidy  ike  mMb  mmtUr  ismtiU 
mmeHaieambcA  ikepdar  regions^  bmimm  amseemiim  skii$am 
ike  eqfuUorial  regkm.  This  proponiion  Is  merely  an  esle»- 
aoo  of  the  prindfJe  dei^eloped  in  the  last  Familiarity  with 
the  structure  of  the  magnefie  needle  renders  its  admissM 
somewhat  diillcuh ;  but  the  needle,  as  has  been  alrspdy  sta^ 
edy  is  analogous  to  the  termiiud  edge  of  a  soKd,  i  We  art  at 
ODoe  able  to  see  how  admirably  such  a  distributkm  sustains 
the  permanency  of  a  fbrm  composed  of  parts  which  wmild 
separate,  were  it  not  Ibrthe  attraction  retaining  them  in  ubiob. 
Suppoee  a  Inpyramid  to  be  composed  of  lamime  laid  on  both 
■des  of  the  equator,  and  decreasing  sjrmmetrically  till  the 
iim^wT*  is  BDnned  on  both  sides,  then  the  development  of  two 
polarities  of  the  same  name  at  the  poles,  and  one  of  another 
nuDe  at  the  equator,  produces  the  same  effect  to  impart  sta- 
hflhy  to  the  form,  as  if  two  caps  wene  pat  upon  the  poles,  and 
brnoed  together  by  stays  attached  to  the  equator.  Or  if  wn 
suppose  that  a  terminal  edge  i.^  really  a  polarised  sxis,  its 
action  must  tend  in  an  exquisite  manner  to  sustain  the 
identity  of  the  form  during  succemive  increments. 

From  this  it  follows,  that  the  solid  axis  of  a  polari^  form 

is  not  a  polarized  axis,  but  rather  two,  one  of  which  is  an 

image  of  the  other,  and  which  arc  united  in  the  centre,  not 

by  consecutive  but  by  similar  poles ;  and  hence  similar  phe^ 

nomena  of  polarisation  must  be  obtained  liy  inspecting  th^ 

state  of  ather  extremity  of  the  axis  of  a  molecule  or  crystal 

possessing  polarity.     A  terminal  edge,  on  the  other  hand, 

has  poles  which,  like  a  polarised  axis,  draw  particles  to  one 

extremity  or  the  other  in  a  fixed  position,  and  demand  their 

attadiment  to  the  polar  or  equatorial  region,  according  as  their 

ftate  is  most  consecutive  to  the  one  or  the  other. 

I  ft 
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From  this  a  very  important  consequence  results*  A  sym* 
metrical  molecule  is  kept  together  by  its  superficial  polarity, 
andt  as  it  were^  depressed  in  the  direction  of  the  axis.  By 
its  internal  polarity,  it  is  pressed  to  shoot  out  in  the  direction 
of  the  axis»  (or  the  two  poles,  possessing  the  subtile  matter  in 
a  non-consecutive  state,  must  repel  each  other  in  the  direction 
of  the  line  joining  them,  that  is,  the  axis ;  and  whatever  num- 
ber  of  such  sttbordi9ate  axes  may  be  repeated  in  the  course  of 
kngtb  of  the  axis  of  the  form,  the  non-consecutive  poles  must 
all  be  applied  to  each  other,  and  the  e£Pect  of  the  develop* 
ment  of  snlmNndinate  polarized  axes,  or  the  subdivisions  of  the 
whole  axis  of  the  molecule  or  crystal  into  shorter  axes^  is 
merely  to  increase  the  force  which  expands  the  whole  axisy— 
unless,  indeed,  some  of  the  parts  containing  the  subordinate 
axes  were  permitted  to  turn  through  half  a  revolution,  and 
thus  give  unity  to  the  whole  axis  again.  After  this,  a  recur- 
rence of  the  circumstances  which  subdivided  the  axis  before, 
may  subdivide  it  again ;  and  the  same  semi-revolution  of  those 
partides  which  are  free  to  move  take  place,  and  the  relief  of 
the  form  ensue.  When  the.repulsion  along  the  axis  becomes 
gieater  than  the  cohesion  produced  by  the  consecutive  po- 
larity (which  is  in  reality  circulated)  between  the  poles  and 
equator,  the  molecule  breaks  up  into  several,  and  this  is  part  of 
the  mechanism  by  which  polarized  action  tends  to  develope  and 
conserve  the  highly  polygonal  tessular,  or  spheroidal  form. 
During  the  development  of  a  molecular  and  crystalline  form, 
the  attractive  infiuence  proper  to  the  angles  of  the  particles  of 
which  it  consists  tends  to  produce  a  certain  form  most  com- 
patible with  their  shapes.  The  general  polarity  of  the  mass 
of  particles  already  aggregated,  on  the  other  hand,  tends  oon- 
2>tantly  to  modify  and  move  towards  the  spherical  the  par- 
ticles successively  attacrfied ;  and  when  the  spherical  or  poly- 
gonal tessular  has  not  been  attained,  in  consequence  of  the  su- 
perior influence  of  angularity  of  form  of  the  particles,  the  re^ 
pulnve  influence  remains  in  the  molecule  in  a  state  of  pol&> 
rized  excitement. 
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17.  A  jmcleaak  t#  m  legvififtrjo,  wken  Us/btm  i$  nuk  ikai 
i<#  egmaiarial  potanijf^  or  ikai  amnected  wsiik  Us  prismaik 
parU^  babmees  Ui  polar^  or  ihaiconmciedwiihiis  UrwmuUor 
fgrmnidal  parts  ;  omd  iheelgeciqfdtsmical  mtion  amddscom-^ 
posUiom  is  to  give  rise  lo  suck  a  bakmcs  Suppose  the  IbrnM 
of  the  prticlei  of  bodies  to  be  Micb,  that  aome  are  highly 
l^pjnunidal  * ;  otberi,  a  sort  of  prims,  temiiiiated  bj  oe> 
gadve  pyramids,  and  little  else  than  equatorial  anouli,  as,  fiir 
JnsranfTi  when  five  of  the  triangular  pyramids  are  bent  down 
npon  each  odier  (Fig.  &) ;  others,  intermediate  in  the  bal. 
mce  of  their  prismatic  and  pyramidal  parts,  as,  Ibr  instance, 
the  pentagonal  bipjrramid  formeriy  aUuded  to,  (Fig.  4.). 
These  Corms  are  more  or  less  diqiosed  for  insulated  existence, 
aeeorfing  as  the  ratio  of  their  equatorial  and  terminal  polari- 
ties OMwe  or  less  neariy  approaches  that  of  neutralisation. 

One  <jt  the  natural  molecules,  which  seems  to  be  most  high- 
ly fitted  for  insulated  existence,  in  consequence  of  the  perfec- 
tioD  of  its  form,  is  the  crystallising  molecule  of  carbon,  or  the 
^-wwmIj  which,  according  to  the  views  advanced  respecting 
earboa  in  this  work,  is  a  most  beautiful  body  of  a  spherical 
contour  (Fig.  66.),  bounded  by  60  faces,  which  are  equilateral 
triangles,  or  thirty  faces,  which  are  lozengi»  of  60  and  120 
degrees.  This  will,  in  the  mean  time,  serve  U)  illustrate  the 
poeition,  that  the  form  of  polarized  equilibrium,  in  which  the 
balance  between  the  motorial  fluid  of  the  equatorial  parts 
of  the  form,  and  that  proper  to  the  polar  is  most  perfectly 
established,  is  when  the  form  has  approximated  most  nearly 
to  the  sphere.  Hence  the  three  bodies,  which  have  just  been 
aUuded  to,  will  unite  with  each  other,  l)ecauRc  each  can,  in 
some  degree^  relieve  the  electric  state  of  the  other.  Thus,  the 
frustular  form  (Fig.  8.)  evidently  wants  pyramidal  polarity, 
and    will    unite  with    the   pentagonal    bipyramid   (Fig.    4.) 

*  The  remder  will  lee  the  necessity  I  im  under  of  aanuming,  in  the  mean 
time,  that  the  particles  of  the  bodiet  are  angular,  for  if  ther  wore  not 
atgolar,  it  follows,  from  the  principles  already  advanced,  that  they  could 
neither  graritate,  crystallize,  nor  cohere. 
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i^ity,  th«  fMft  ^e§peiM\y  iA  tfi«  ^-etitlhJMiit  h^gion  of 
ffte  m%  iB  tai^nfemaMe  tblhe  M^mihal  iieg(f)li  of  ll^  ellief  < 
A\i^,  & «0i»]^utid  bddy  (Fig.  9)  i^^l  i^^lt  Tfle  twt>  jiyWb. 
nftHM  Ams  (F^H.  md  4.)  mMOso  unite,  aft  in  (t^.  10  tt^ 
11:)  i^eesiiiflfid  tii^  yesuIUftt  «tabe  t)f  polafity,  tt»yY^g  ftom  tlid 
dWdMlftiiefe  or  ttbt  ^fopelr  to  e«kb>  is  iti&tie  V)eiiir  to  a  sM^  of 
DltlitMlit^^  UMAI  HUat  pamMA  by  dthet  idMe.  iTfatsff?*!*,  Sn 
iteft,*  "^o  Httft  to  vtiSxfk  oF  TOrtttft,  but  smtlafily  tf  VAotolMI 
«li!to,  c5^  tti  tt«Mf^  i^hjgth  bF  idLiii.  f#6  fm/A  hlVlfig  « 
|MlArity  df  dii^  MM?  Wftlne  ^o^fy  ih  Iftk^c^  iHH  ttOI  utaffCei 

MetHfdlttt'bodtes  itt  Wttttiilal'  isttitoof '^^tttftkiMMt,  if  tiMM  b^  lAiy 
U  'fteM  H  tL  )aAi\uA  tep^Mci^  bbly,  ^xciept  ill  em*  dt 

Thd  ^MtSkytf  bGdte»,  how^veiv  br  t^  fdirte  Witfh  whfadh 
th^  utf to,  i»  by  iio  Hik^itiA  k  fttifrittKii^  of  t^  tatte  by  which 
Jhi^fM  ViettfMi  fal  tfnjfen.  He^ttMll^  eleifieliil  must  be 
dMlsMefM,  Vii^.  th6  ^tfdncMlofi  iiHallg  ftott  the  altftictkilis  cttUi* 
IMtaig  ftbtik  tile  tt^le*.  TMb  MtMft^tim  dbes  HM  f  n  dMimfr- 
ter  Id^  ^Mirtbrtt  86  ttopoHaM  tt  funietiott  to  dheteitiiii^  to 
vfnfiM  ^  bift  ^^^  tttt  tUtainnhr  partfetei  bodoe  hito  kAttMxliiMe 
baskaidti  iSitn  thef  ial^  dasp^d  by  the  ^llMctteiM  t)f  the 
aa^Y^  tf  tiieir  ttiblftt  teinOto  pWs,  of  ulliliiilrtie  utoms,  «nd  i^ 
^Ked  ^fdgls  to  edg^  and  ftoe  to^  ihce,  lind  the  odhciicn  Md  fe*. 
flfeMftce  to  Adc^oiinijpdmitton  is  great  in  p^opofrtkiVi  ta  tfa^  iMMi* 
KMr  bT  pa^  trii^rff^  h  gyea:t,  dUier  tlung^  hefiftg  t^ud. 
IlMft,  s&pp6Attg  the  ^hity  tetweeii  the  two  bipynunidal 
fbttos  ebiistittftitig  'the  bddy  <Ffg.  10.)  to  be  equ^I  to  !^t  b^ 
tWeeti  the  e^afofrial  form  and  the  pentagonal  bipyrainid  OMu 
i^SMSthg  (Fig.  9.),  the  deoompositioh  of  the  latte)*,  nevertbeb 
less,  would  evideAtly  be  much  more  difficult  t!han  that  of  !lie 
former,  ttence,  haiviony  of  form,  as  well  as  difference  in  motOi- 
rial  or  electrical  state,  modifies  the  phenomena  of  decomposi- 
tion; and^  it  nay  also  be  added^  of  union,  for  particles 
wfitdh  bdong  to  the  same  system  of  forms  unite  most  reMhiy 
in  consequence  of  their  specific  analogy  of  foTm  (§  9.) 
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Chtnial  anoBt  bowwcr,  is  not  altogechcr  rtrtifintl  to  dif 
ptrtideib  JtoAnhappcDSytlua^srlJclisfyby  entcriiy 
mmoog  ibenmlvci,  cw  give  riie  to  m  mobaUf^ 
prittity  M  in  a  mufib  mora  ijaietoenc  it«te  tbw  tbepo. 
Imkf  ^wBffmctick  takm  Mpamdy;  and  wboi  a  aiibifnot 
baitiai  Mnhwihr  tiale>ai  iu«Jaotncalitata  '^  r hai^rrf,  m 
•  dK  iMge  of  its  ailnity  nodifiacL  Thii%  wppoM  a 
<F%.  U.)  oHiitittttMl  of  five  of  tha  Iriaogular  bipyw 
nniteibjalenmoaledgB.  In  thie  itaU»  it  ie  very  frr 

iy«netry«  aad  muM  ovideotly  be  iU 
eaitlminp,  aadv  eonMqiienlly^  hi  f«ry  |ii^ 
hare  aa  cxteasve  lange  of  affiaity.  Biilapeirof 
nailed  hee  lo  faor  (Fig.  18.)p  would  give  xite 
•a  a  iugUj  qniaeaic  eymawtikel  wobicttift     It  ie  qiiietoeiiCy 

it  a  bahsoe  brtiwetB  equatorial  aod  pahr  flirts ; 
k  ie  evidently  •jmuietricely  bdagan  iewdeoo. 

■uebaeontrelefefaii,  a  great  maay  faeei  are  pwnaid 
Mher;  aad,  coataqueatly,  the  eepulaioD  eoMUMit* 
iaigiiroHi  tbeae  laoea  muit  be  ooaatantly  leading  to  e&paod  it 
We  aMjr  Aerefbre  ex|iact,  dbat  vfacn  oppartuaity  is  affiifded» 
fkt  biaate  ieosgdrri  ankctile  will  expaad  so  as  to  eaoait  of 
die  two  particles  uaited  by  five  equatorial  angles  only  (Fig. 
14.).  9y  this  movement,  tweaty  finets  are  relieved,  and  a 
finm  of  great  synaoetry  and  el^ptric^  quiescence  is  still  retain- 
ed.  But  it  now  becomes  aceessiUe,  in  its  equatorial  region,  to 
incideaoe  of  five  of  the  pentagonal  bipyramids,  (Fig.  4); 
k  may  be  remarked,  that  the  equatorial  regions  being  con- 
cave, mnet  be  of  an  opposite  electrical  affection  to  the  bipy- 
taaud,  aad  they  are  also  quite  conformable  to  the  equatorial 
edges  of  that  form;  from  such  an  union,  then,  (Fig  15),  a  case 
cf  islenae  cobeskm  would  result 

Sodi  are  the  movements  and  combinadons  to  which  pola- 
riaed  action  would  give  rise  in  bodies  possessing  such  shapes. 
Hieve  are  ao  other  laws  that  bmit  the  union  of  particles  of 
\\if^t  ■!  and  natural  bodies.     Many  of  the  simpler  com- 
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pounds  consist  of  one  particle  of  body  united  to  one  of  an* 
other.  Many  of  the  most  common  substances,  however,  con- 
sist of  one  particle  of  one  body  united  to  two,  three,  four,  five, 
six,  seven,  or  ten,  of  another,  as  the  case  may  be.  But  even 
in  the  rapid  productions  of  the  laboratory,  which  are  in  gene- 
ral very  rude  approximations  to  a  state  of  symmetrical  and 
quiescent  union,  compared  with  those  of  nature,  the  number 
of  partades  of  two  kinds  only,  implied  in  the  constitution  of 
one  compound  particle,  is  often  very  considerable.  Thus,  m 
will  be  afterwards  shewn,  while  phosphoric  acid  consists  of  one 
particle  of  each  of  its  elements,  phosphatic  acid  consists  of 
nine  of  the  one,  and  ten  of  the  other.  Silica  consists  of  four 
of  oxygen  and  five  of  silicon.  In  a  particle  of  malic  add« 
there  are  no  fewer  than  12  particles  of  carbon,  and  in  a  mole- 
cule  of  starch  probably  no  fewer  than  108.  The  ratio  of  the 
carbon  with  the  other  elements,  however,  is  in  both  cases  ex- 
tremely rimple,  and  the  actual  structure  could  never  be  deter- 
mined by  chemical  analysis  without  other  aid ;  while,  in  sudi 
a  case  as  that  of  phosphoric  and  phosphatic  acids,  the  utmoet 
attention  to  analysis  is  demanded,  and  great  care  that  the 
mind  be  free  from  prejudice  and  a  dispoution  to  confound 
or  disregard  them.  Mutual  harmony  of  form,  and  the  dis- 
positiou  of  electrieal  state,  to  evolve  a  symmetrical  hig^y 
polygonal  tessular  molecule,,  are  the  only  circumstances 
that  modify  the  union  of  chemical  substances.  On  this  sub 
ject,  which  will  be  fully  illustrated  in  the  chemical  details 
that  follow,  it  is  only  necessary  to  remark  farther,  that  as  the 
terms  electro-positive  and  electro-negative  are  already  intro- 
duced into  science,  they  are  still  retained  in  this  work,  the  for- 
mer to  express  the  state  of  the  subtile  matter  proper  to  pyra- 
midal forms,  of  which,  happily,  it  is  not  a  little  expressive ; 
and  the  latter,  that  of  expanded  or  equatorial  parts,  and  of 
re-entrant  regions,  which  are  very  naturally  regarded  as  nq;». 
live.  Were  there  such  bodies  in  nature,  then,  as  those  that 
bave  been  mentioned,  and  were  they  arranged  acoordiqg  to 
iheir  electrical  state,  they  would  stand  thus : — 
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EUctro-poriHve. 

The  trUagulsr  Mpymnid,  Fig.  3. 

The  kufdruii.  Fig.  IS. 

The  peniagoiul  bijijmiiiid,  Fi^  4. 

The  cofDpound  form.  Fig.  16. 

The  binate  molecule.  Fig.  14. 

The  equAtedAl  fnittukr  form.  Fig.  8. 

Ekdro-fugaiivf. 

The  cfuaUty,  intensitjf,  or  tension  of  a  body^t  electricity^ 
dieoy  depends  upon  its  form ;  but  the  quantity  being  deter- 
mined by  the  number  of  unsuppressed  facets  which  it  possesses, 
depends  upon  the  extent  of  its  surface.  Thus,  the  tnietmi^ 
of  the  dectric  state  of  the  trianguUr  bipynunid  (Fig.  S.)  is 
much  greater  than  that  of  the  icosaedron  (Fig  13.),  because  it 
is  much  brther  from  a  state  of  repose  or  neutralisation :  but 
the  ^tnuiMy  of  dectridty  proper  to  the  Utter  is  much  greater; 
and  were  two  bodies  isamorphous,  but  one  possessed  a  greater 
number  of  faces  than  the  other,  that  which  had  its  faces 
most  numerous  would  have  its  quantity  of  electricity,  or  its 
electric  power,  greatest  Thus,  as  will  be  afterwards  shewn, 
potassium  and  sodium  are  isamorphous ;  but  the  surface  of 
potassium  is  represented  by  40,  while  that  of  sodium  is  repre- 
sented by  SO :  the  former,  therefore,  is  a  more  powerful  elec- 
tric body. 

The  tetraedron  (Fig.  2.)  is  incapable  of  entertaining  the 
two  electricities  in  a  symmetrical  manner,  and  is  wholly  pas- 
sive as  to  either.  It  therefore  depends  for  its  electric  state 
upon  induction,  and  will  be  positive  or  negative,  accord- 
ii^  to  the  state  of  the  body  within  whose  sphere  of  action 
it  exists.  Some  other  bodies,  again,  arc  almost  altogether 
unipolar,  as,  for  instance,  the  prismatic  frustum,  terminated 
by  the  n^ative  pyramids  (Fig.  8.).  The  electric  state  of 
sudi  a  form  must  be  almost  wholly  negative. 

1 8.  The  pyramidal  (positive)  and  prismatic  (  negative)  po^ 
larities,  may  sometimes  be  so  Jar  displaced^  even  in  a  large 
mass,,  tiuU  one  or  other  may  be  developed  in  excess^  in  a  cer- 
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taif$  regiony  ond^  of  caur^ey  ike  consecutive  one  in  excess  in 
the  consecutive  region  ;  and  by  being  introduced  into  such 
regions,  weaker  bodies  magfife  rendered  more  or  less  unipolar^ 
or  their  naiural  state  be  more  or  less  changed  Jbr  a  longer 
or  shorter  time.  Su[^)08e  wc  are  in  possession  of  two  sudi 
bodies  as  a  nu^gnel  and  a  bit  of  iron.  In  the  latter,  when 
its  magnetic  equilibrium  is  not  disturbed  by  induction  or  ro- 
tation, the  contiguous  particles  neutralize  each  other's  pdarity, 
and  tfae  whdk  tnlui  nmnkiB  quiescent.  No  free  |iglar{ty  b 
therefore  exhibited  ;  but  let  one  pde  of  the  magnet,  as,  fat 
]D8t»ioe,  tfae  oorthnmie,  be  faroagfat  near  tfae  bit  of  iroki; 
tiieMbtilenattcr  of  thispoleofllie magnet  drawvupih^eotfy 
seoutive  laktterin  tfaeinm^xmeriy  inquieseent  union  with  the 
otber,«Mi,4t  the  same  time,  depresses  that  other,  faecanae  herik 
are  elas^<ir  impeaetrafale  to  each  odier.  Thus  a  lUte  of  pow 
larily  iaiftdMcadoponthe  dn)0  fay  the  pioxioiity  of  thepc^^ 
of  ^  aoagnet,  die  oider  of  the  poles  always  being  sud^ 
that  conseoatiye  pales  aae  oontiguous.  When  the  mokcdco 
of  iron  ore,  lo  o  oeftain  eatent,  insuhrted  from  each  other  hf 
a  oeitaia  erysftalUne  state,  or  odnixture  of  caibon,  oxygtiu^ 
sttlpiuir,  pbospliolrus,  be^  the  polarity  of  the  mass  onoe  3lU 
duoad,  miy  be  auataiaod  in  a  Mte  cf  freedevelopmeBt  Ibr  M 
indefinite  tme,  if  not  idtercd  by  a  subsequent  iaduc5tiott;' 
heat,  a  rapidly  vibratory  motion,  or  like  accident.  The  ma^ 
becoflMS,  as  it  wcio,  one  nolecule,  and  it  will  be  afterwards 
shewn,  lihtft  a  particle  of  mm  is  det^tote  ef  an  axis,  or  any 
feacnre  ^liiat  should  gi^e  a  direction  lo  its  polarity  naturally  one 
way  more  then  another.  Henoe,  in  such  a  mass,  poles  may  hi 
indooed  in  any  positions  to  which  the  external  form  is  sidt- 
able.  It  is  only  tlie  angles  of  the  superfidd  strata  df 
put'tiules,  bowerer,  that  can  be  induced  into  this  state  of  on- 
natntid  osnstndnt  In  the  interior  of  the  mass,  tfae  ^oonae- 
cutive  polarities  contiane  to  neutrsfise  each  other;  and  as 
mnoh  Am  polarifly  may  be  induced  upon  a  hollow  as  -upon 
aaelid  vneas,  protPided  die  thickness  of  the  walk  do  not  ftXL 
below  a  ootain  quantity  bearing  a  relation  to  the  extent  of 
the  surface. 
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kt  tmo  fiUkB  of  diaaahbr  witwfMM  (tlMt  k  tub* 
of  diMinilir  fiimit,  and,  oomcqiioHly,  diniiiiilar 
dettntai  ilatn)  be  Ukoi  aod  (nought  nmr  ooch  other ;  each 
wU  dioli*b  the  lAmriiri  ei|uiKbriuBi  of  the  other,  m  ohMimI 

of  their  cketridtict  will  ekeue,  ami  each  will 
aspects  Ibontiag  each  other  being 
of  the  irialiva  ila«rricel  states  of  the  two  bodies. 
iM  N  <Fig.  1«4  ht  •  tUa  disk,ca|Mhle  of  becoaMiig  po* 
lamed»  tet  wal  ia  this  state  wbea  inwilalfd,  and  mgaiive  ta 
itlgAm  ID  the  disk  P.  Whca  they  are  brought  near  each 
oAcr,  the  equatorial  (negative)  fluid  of  N  draws  up  the 
pjranudal  (pontive)  Md  of  P,  ooaung  oat  at  the  asme  time 
to  mtA  it,  wtak  both  fe^act  ia  puAmg  before  them,  towards 
As  wieil  dtatabt  or  extewad  sur&cet,  or  even  expelling  a 
potlioQ  of  the  polarities  of  nonoonsecutive  kinds  respectivelj ; 
hdiee,  each  of  tile  two  disks  is  in  a  polarised  state  by  indue* 
tfon ;  and  two  pblariied  axes  are  developed,  one  in  each 
thin  plate:.  But  whcvi  they  are  brought  into  peHbct  contact, 
the  two  axes  must  be  eonfluent  kitD  caie,  and  the  poles  rs-. 

become  one  mass,  which  is  (though  not 
plwious  lo  justa-position,  nor  perhaps 
erm  so  mixii  so)  positive  snd  negative,  on  opposite  aspects, 
according  as  one  or  other  is  most  proper  to  tlie  mihstance  of 
flail  surfiioe,  and  the  region  of  union  is  neutral,  being  the  neu- 
tnd  plane  of  an  axis.  On  separating  them  after  cx^ntact,  the 
Ak  S  consequently  contains  neutral  subtile  matter  4-  m^ative, 
sfid  is  therefore  negative ;  the  disk  P  contains  neutral  matter 
-I-  positive,  and  is  consequently  positive — the  i^ste  of  coercion 
existing  for  a  longer  or  shorter  time,  for  minutes,  hours, 
or  days,  according  to  circnmstances.  The  re. union  of  the 
neutral  and  the  pure  positive  or  negative  states  re-establishes 
tbe  original  condition. 

To  devetope  these  phenomena  in  a  symmetrical  manner,  it 
IS  necessary  that  the  quantity  of  eiectricity  in  both  di^ks  be 
tbe  same,  and  the  one  as  far  from  a  perfect  neutrality,  by 
excess  of  positive  electricity,  as  the  other  is  by  excess  of 
negative.     Hence  it  follows,  that  th<Te  is  a  certain  reiativ^ 
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magnitude  between  particles  when  their  union,  in  conae- 
quence  of  difference  in  electrical  state,  takes  place  with  most 
eflfect  Thus,  perhaps,  the  triangular  bipjramid  (Fig.  8.)  is 
much  more  highly  poutive^than  the  compound  form  (Fig.  10.) 
is  negative ;  and  the  intensity  of  the  one  is  just  neutralized 
by  the  quantity  of  the  other,  so  that  a  vigorous  union  may 
take  place  between  them,  and  the  compound  particle  result- 
ing (Fig.  17.)  be  destitute  of  the  properties  of  both,  and 
exhibit  only  that  which  is  proper  to  its  own  form,  con. 
sidered  as  one.     Hence  the  electrical  power  of  a  particle  is 

expressed  by 

quanii^  X  Us  inienriiy. 

In  experiments  on  compound  masses,  whose  polarity  is  ex* 
cited  by  artificial  means,  the  phenomena  of  induction  make 
the  same  power  act  the  part  both  of  attraction  and  repul> 
sion.  Thus,  light  bodies,  not  charged  with  the  same  elec- 
tricity, are  attracted  to  such  as  are  charged,  and  a  similar  po- 
larity being  induced  upon  them  by  their  vicinity,  or  ccmtact, 
they  are  then  repelled,  because  there  remmns  no  force  to  re- 
tain them  united ;  but  when  one  particle  is  drawn  to  another, 
in  virtue  of  a  dissimilar  electric  state,  they  are  attached  by 
the  attractions  of  their  angles ;  and  even  though  a  similar 
electric  state  be  induced,  there  is  no  departure;  hence  a 
molecule  does  not  throw  off  spontaneously  those  parts  which 
are  in  the  same  electric  state.  For,  relieving  it  of  such 
parts,  it  is  necessary  to  make  it  hot,  which  weakens  the  in- 
tenuty  of  the  cohering  force,  and  strengthens  the  existing 
electric  repulsion  at  the  same  time. 

Disamilarity  of  substance  is  not  necessary,  however,  to  the 
development  of  a  polarized  electric  axis.  Dissimilarity  of 
state  in  the  same  sort  of  substance,  in  different  regions,  pro- 
duces  the  same  effect.  It  is,  in  fact,  equivalent  to  a  dissi- 
milarity of  substance.  Many  bodies,  when  in  the  aeriform, 
liquid,  or  red  hot  state,  are  more  different  from  themselves 
when  solid  and  cold,  than  they  are,  in  either  state,  from  many 
other  bodies.  Hence,  if  on  one  extremity  or  aspect  a  body 
is  healed,  or  is  passing  off  as  a  liquid  or  a  gas,  the  mass  will 
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be  (wiUuB  the  limiu  of  dkumoe  alwajs  to  be  ooaridered)  in 
the  ilateaf  a  pokriied  exia;  and  ia  eucb  ceiet,  it  is  to  be 
obeenrcd  thet  ibe  regioii  of  activity  is  naturally  the  poiitive 
poie.  Thus,  lei  a  bit  of  charcoal,  burmog  at  one  cod, 
be  held  eo  that  the  fiunes  pamng  off  from  the  burniiig  part 
dhall  not  interfere  with  it,  and  it  will  be  found  that  the  hot 
end  is  postiTe,  the  cold  end  negative.  Again,  let  it  be  held 
•o  thai  the  f uBe%  as  they  pass  off,  nuiy  sweep  along  the  sur- 
boe  of  the  mass;  charged,  as  they  are,  with  the  positive  fluid, 
thcj  give  it  off  to  that  region  which  wo«dd  otherwise  be  ne- 
gstnre,  restore  the  equilibrium,  and  prevent  the  development 
of  an  axis.  These  facts,  though  explained  in  a  different 
manlier,  have  lately  been  observed  by  M.  Pouillet.  The 
mmt  phenomena  are  beautifully  exhibited  in  flames,  as  will 
afterwards  be  shewn. 

This  motility  of  subtile  matter  induces  us  lo  believe  that 
the  quantity  investing  any  given  particle  is  not  invariably 
the  same,  but  becomes  excessive  or  exhausted,  more  or  less, 
aoocMtling  to  the  phases  through  which  the  body  has  lately 
psssrd  It  is  most  reasonable  to  believe,  that,  in  certain 
cases  of  contact,  or  ifeioo,  the  electrical  state  of  a  body  is 
so  far  affected,  that,  when  it  is  set  True,  its  condition  as  to 
subtile  matter  is  not  the  Banie  as  it  was  previous  to  contact ; 
and  that  it  will  require  exposure  to  some  bcxlies  having 
abundance  or  deficiency  of  subtile  matter,  a  re]ati\ely  pa. 
ative  or  negative  state,  to  restore  it  speedily  to  that  proper 
to  its  form.  Many  electrical  experiments  are  roost  easily 
exfdained,  on  the  supposition  that  there  is  an  actual  trans- 
Cerence  of  the  subtile  principle ;  and  it  seems  very  credible 
that  in  many  cases  it  is  so.  The  grand  means  of  restoring 
subtile  matter  to  a  body  which  has  been  deprived  of  it,  is 
exposure  to  the  sunbeam,  which  is  not  to  be  wondered  at, 
when  we  consider  its  structure,  afterwards  to  be  described. 

All  substances  arc  not  capable  of  developing  polarized 
This  is  true,  however,  of  most  bodies  in  a  somewhat 


neutral  and  natural  state,  in  which  they  are,  of  course,  well 

s 
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served  with  both  fluid«.     Other  sobstanoetp  a»  many  of  the 
undecoropounded  bodies  of  metallic  lustre,  are  muoh  more 
remarkable  for  the  ease  with  which  they  conduct  and  cir- 
culate the  polariced  state.     This  peculiarity  depends  on  the 
mode  of  the  aggregation  of  their  particles,  aa  well  as  on  the 
fact  that  they  are  not  in  a  natural  state ;  for  it  has  been  r^ 
marked  oi  several  substances,  that  they  are  conductors  or 
electrics,  according  to  their  density.    There  is  veaaon  to 
suspect,  however,  that  the  conducting  powers  of  the  asae 
metal  or  sdution,  would   be  different  for  diflerent  aprfa  of 
dectricity.      Thus,  one  result  would  be  obtained  wbenhy- 
dro-dectricity  was  transmitted,  and  another  when  vitreous  or 
remnous  electricity  was  transmitted.  Water  is  a  very  bad  ooo- 
ductor  of  its  own  electricity,  as  might  be  expected,  *^«ft^«^tTtg 
polarized  in  the  region  contiguous  to  the  excited  body;  henee 
a  galvanic  spark  may  be  obtained  in  water.     But  it  conducts 
vitreous  and  resinous  electridty  better,  or  is  more  passive  to 
them,  serving  merely  as  common  matter  in  aiding  to  establish 
an  equilibrium.    Perhaps  the  phenomena  of  conduction  are 
merely  a  modification  of  those  of  induction,  in  which  there 
is  nothing  to  limit  the  length  of  thiTifekis ;  and  in  which  die 
conducting  tissue  serves  merely  as  a  medium  of  common 
matter  for  transmitting  the  polarity  between  bodies  in  die- 
similar  states.     To  such  a  transmission,  the  interpontion  of 
laminae  of  subtile  matter  having  an  individuality  of  its  own, 
and  capable  of  being  excited  into  a  polarized  state,  opposes  a 
barrier.   Hence  crystals,  whose  molecule  have  a  specific  po- 
larity,  and  rare  bodies  of  a  symmetrical  structure  generally, 
are  bad  conductors  of  electridty.     Dense  bodies,  again,  with 
faces  pressed  against  each  other,  in  which  there  is  a  oon- 
tinuous  tissue  of  atomic  matter  from  one  end  to  the  other, 
transmit  the  subtile  principle  with  greater  ease. 

Let  AX  (Fig.  18.)  be  a  filament  composed  of  tetrssdrd, 
iooesedral,  or  any  tessular  or  spheroidal  partiolee  or  molecules, 
whose  motorial  fluid  depends  on  induction  or  position  fer  its 
polarity ;  and  let  the  molecules  of  which  the  filament  eonsista,  in 
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eonsequcnce  of  m  mutual  rrpulsion  arhin^  fitmi  rimiUntfy  of 
Bscurey  be  free  to  more  m  that  their  centm  shall  mnore 
from  each  other  to  a  certain  distance,  and  yet  the  filament  be 
preserved.  Each  molecule  will  lie  polarixed  by  iiKiuction,  that 
in  the  centre  bang  neutral ;  and  were  the  mutual  repulsion 
presently  existing  anyhow  conducted  away,  the  whole  series 
would  uuotiatt  towards  the  centre  or  neutral  point,  for  the 
cooaeciithre  poles  of  die  molecules  must  be  contiguous,  and 
whaterer  phase  one  extremity  took  on,  the  same  would  be 
induoed  upon  the  other. 

The  action  congenial  to  its  structure  of  a  hollow  body  (con- 
sbtzng  of  such  filaments),  whose  form  is  cordate,  or  an  equa- 
tor with  a  pyramid  only  on  one  side,  is  to  move  so  as  to  dispose 
of  matter  thrown  into  its  interior  on  the  other  side  of  the 
equator,  and  thus  to  evolve  a  bipyramidal  or  symmetrical 
form,  or  one  of  reposa  Action  tending  towards  the  same  ob- 
ject, wiH,  moreover,  be  aided  by  a  structure  in  which  the 
natter  may  be  thrown  between  parts  which  are  of  unequal 
magnitude,  in  whidi  case,  it  will  always  be  from  the  larger 
iofnvds  the  smaller,  both  tending  by  alternate  contraction 
and  expansioo  to  estnBsh  equality  and  symmetry  between 
them,  at  which  sera,  the  mass  becomes  inert. 

If  a  polarized  axis  be  supplied  with  other  molecules  nt  the 
neutral  region  (where  they  may  lie  in  any  positions  demand- 
ed by  their  forms,  without  regard  to  symmctr}'),  thev  will  be 
carried  towards  the  extremities  with  a  force  proportional  to 
die  vigour  of  the  system  previously  constituted.  Changes  in 
the  vigour  of  the  system  will  not  much  affect  the  neutral  re- 
gion. The  same  quantity  of  molecules,  then,  continuing  to 
be  added  there,  when  the  force  to  remove  them  towards  the 
extremities  of  the  axis  is  abated,  they  will  be  arrested  in  their 
departure  near  the  neutral  region,  and,  instead  of  being  at- 
tenuated and  lengthened,  the  form  will  become  incrnnsated. 
In  a  state  of  repose,  a  flexible  axis  will  naturally  be  bent  into 
a  circle.  These  laws  arc  illustrated  in  the  contraction  and 
structure  of  muscles,  tlie  movements  of  the  heart,  the  changes 
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of  forms  which  the  trunks  of  animals  undergo  in  mature  age, 
and  the  positions  in  which  animals  having  long  bodies  sleep 
and  hybemate.  But  this  subject  will  occupy  us  in  the  Fourth 
Book. 

19-  Subtile  maUer  is  so  modified  by  iheform  which  U  inr 
vests^  that  when  the  electric  state  of  two  dissimilar  bodies  is 
the  samcy  or  nearly  so^  the  subtile  matter  of  the  one  does  not 
attract  or  repel  the  other  vh  the  direction  of  their  centres.    In 
reference  to  gaseous  bodies,  this  property  has  been  detected 
by  the  genius  of  Dalton ;  but  it  is  one  of  universal  extent, 
and  intimately  connected    with  the  permanency  of  natural 
species.     There  is,  indeed,  an  universal  attracUon,  and  an 
universal  repulsion,  of  a  certain  extent,  between  all  bodies, 
because  all  bodies  are  ultimately  similar,  being  formed  of 
nmilar  atoms ;  but  the  sphere  of  this  action  is  very  limited 
(the  quantity  of  matter  being  the  same),  compared  with  those 
attractions  and  repulsions  which  subsist  between  bodies  of 
the  same,  or  nearly  the  same,  species.     Wer^  there  an  uni^ 
versal   alloying,  mingling,  repelling,  attracting,  among  all 
substances,  creation  would  only  be  in  repose  when  it  was  the 
most  perfect  chaos.     The  individually  of  species  would  be 
lost,  and,  like  substances  in  a  laboratory,  all  the  beautiful 
things  of  nature  would  require  to  be  kept  in  phials,  made  of 
mere  space,  and  placed  at  a  distance  from  each  other ;  or  else, 
like  hawks  and  pigeons,  they  must  needs  be  endowed  with 
life,  instincts,  eyes,  and  wings.     But  as  it  is,  a  specific  sub- 
stance, when  it  cannot  improve  its  electrical  state,  and,  conse- 
quently, approximate  the  form  of  its  particles  to  the  spherical, 
does  not  either  attract  or  repel  from  itself  other  species 
around  it,  unless  they  be  so  exceedingly  near  it,  that  their 
specific  difierence  is  overcome    by   their  generic  identity. 
Each  rises  in  vapour  at  its  own  time,  crystallizes  according 
to  its  own  fashion,  or  keeps  off  others  of  its  own  species, 
when  aggregation  is  forbid  by  the  excess  of  the  repulsion 
above  die  attractive  energy  between  them.      The  subtile 
matter  of  the  magnet  finds  no  obstruction  from  a     plate 
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gia»»  wood,  or  lead,  and  these  bodies  nifler  no  change  by 
pennittiiig  the  subtik  influence  to  put  through  them.  Nay* 
ooe^s  face  may  be  made  to  touch  a  most  vigorous  magnet, 
and  a  needle  may  be  violently  agitated  at  the  back  of  the 
heady  by  the  transmitted  influence,  without  either  the  head 
or  the  heart  being  in  any  degree  aflected  by  such  osculation 
snd  tnmsansaion  of  the  subtile  principle.  If  nickel  and  oo. 
halt  recognise  the  magnetism  of  iron,  and  are  really  magnetie 
m  a  smiknr  manner,  it  b  to  be  inferred  that  some  coosiderabla 
part  of  their  form  is  isamorphous  with  iron.  As  to  that  very 
general  attractioo  of  small  bodies,  exercised  by  the  magnetf 
in  as  far  as  it  is  purely  an  attraction,  arising  solely  from  the 
influence  proper  to  the  angles  of  particles,  it  seems  to  arise 
from  the  iron  which  they  contain  ;  for  where  is  there  a  body 
that  may  not  contain  iron  ?  And,  as  to  those  south  and  north 
magncdc  poles  which  are  found  at  the  summit  and  base  of 
most  bodies,  the  iron,  in  their  composition,  may  be  the  means 
of  enablii^  us  to  recognise  such  an  interesting  fact,  becoming 
thus,  by  its  universal  diffusioo,  to  the  magnet,  in  reference  to 


the  attractive  influencejbat  light  is  to  the  eye  in  reference  to 
the  repulave,  but  it  is  SSt  to  be  inferred  that  the  iron  in  them 
slooe  possesses  these  polarities.  This  mutual  disregard,  how- 
ever, bears  in  its  quantity  a  certain  relation  to  the  quantity 
of  difference  between  the  dissimilar  bodies  ;  and  it  may  be 
that  there  is  scarcely  any  form  in  nature  that  might  not  ac« 
knowledge  the  influence  of  a  vigorous  magnet,  by  attractions 
sod  repul^ns.  As  to  rotation,  it  is  probably  the  effect  of 
the  re-action  of  the  subtile  matter  of  dissimilar  bodies,  though 
much  more  eminently  in  those  which  arc  most  nearly  allied. 
Thus  the  electricity  of  other  metallic  bodies,  (such  as  copper), 
which  are  nearly  allied  to  iron,  produces  electro-magnetic 
phenomena  much  more  eminently  than  the  electricities  of  vi- 
treous  and  resinous  substances. 

This  specific  modification  of  the  subtile  principle,  is  pro- 
ductive of  many  most  interesting  phenomena  in  the  lal)oratory, 
as  well  as  in  nature.     Thus,  when  a  volume  of  pure  water  is 
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charged  wiih  a  quantity  of  a  certain  salt,  in  solution,  so  thai 
it  eatinot  accomtyM)date  any  more  of  that  sort,  it  may  yet  re* 
ceif  6  an  additional  quantity  of  another,  depending  upon  their 
analogy  and  th^  relative  Bolubilities  of  the  two  imlts.  The 
two  BaltB  are  constituted  in  tho  water,  as  two  gaaei  are  in  the 
radiant  matter ;  the  particles  of  each  aort  are  eqiudittant^  ami 
symmetrically  arranged^  and  the  one  system  may  suifer  union* 
(IT  pnecipitaUon,  while  the  other  Ih  but  little  affected.  Agabi^ 
two  liquids  may  be  mingled,  or  two  solids  compounded,  and 
each  mfty  be  driven  off  at  its  own  temperature,  or  congealed, 
or  otherwise  changed^  without  interfering  with  the  other* 
txcept^  perhaps,  in  as  far  as  a  cohesion  may  have  acckleotaU 
ly  taken  place  among  a  few  particles.  The  phenomena  pre* 
aented  by  the  gases,  however,  are  most  interesting. 

The  aSrifbrm  state  differs  from  the  crystalline  and  liquid, 
when  the  aeriform  body  is  uncompressed  or  in  a  state  of  le* 
pose,  only  in  its  rarity.  Doubtless  the  particles  do  not  rail 
lAxmt,  and  present  their  aspects  to  each  other  by  chanceu 
Though  their  mutual  repulsion  preserves  a  considerable  sphere 
of  subtih?  matter  between  their  solid  nuclei,  yet  there  is  no 
teacon  to  doubt  that  an  influence  adequate  to  maintain  m 
symmetrical  relationship  of  the  particles  to  each  other,  extends 
through  this  repuUve  medium ;  and  that  the  particles  are 
idl  of  them  in  fixed  positions,  and  the  whole  voliune  a  synw 
flietrioal  dssue.  The  strength  of  the  symmetry  of  this  tissue, 
will  obviously  depend  upon  the  smallness  of  the  number  of 
directions  in  which  the  particles  are  bound  in  th«r  positione 
ef  symmetry.  Thns  every  tetrvdron  (Fig.  S.)  is  bound  by 
four  angles  only,  and  before  it  could  roll  or  rotate  amongst  Its 
follows,  any  angle  would  require  to  move  through  more  than 
80"  at  least,  to  which  movement  every  thing  would  be  op> 
posed.  Two  of  the  pentagonal  bipyramids  again,  (Fig.  4)^ 
might  react  upon  each  other  very  symmetrically,  and  the 
whole  rotate,  like  toothed  wheels,  the  contiguous  laminsft  in 
opposite  directbns. 
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Upon  a  gas  thus  constituted,  then,  another  may  Ix  la  in, 
and  if  they  be  very  disrimikr  in  natun>,  it  will  tie  equally 
Afuaed,  almosl  immediately,  and  will  constitute  its  own  sym- 
meCiiGal  titMie,  without  interfering  with  that  of  the  other, 
prawided  thevebe  not  a  strong  chemical  affinity  between  tliem, 
er  one  or  other,  or  both,  impatient  of  the  gaseoui  state. 
The  <iniy  phenomenon  which  ensues,  is  an  expansion  of 
mlmnc,  equal  to  that  of  the  gas  added,  because  the  quantity 
af  einstic  matter  in  the  gram  is  increased  to  this  amount ;  and 
doobdesB,  tlie  water  or  mercury,  which  limits  the  volume, 
is  prmmsd  down  by  the  one  elaa^  thing  as  well  as  the  other, 
or  in  a  similar  manner  as  if  tiie  same  number  of  homogeneous 
dasdc  particles  prcmed  upon  it  as  are  inyolved  in  the  mixed 
votonie.  Gaaes,  in  this  state  of  mixed  volume*  are,  however, 
in  a  very  critical  condition,  provided  their  forms  arc  harmoni- 
noB,  and  tbeir  deetrie  stales  not  nearly  approaching  to  simi- 
larity. For,  let  the  symmetry  of  the  voUimc  be  shattered  by 
an  deetrie  dischaige,  or  let  the  tendency  to  the  evolution  of 
quiescent  forms  be  stimulated  by  exposure  to  the  sun- 
or  ire,  and  thejr  $Ui  unite,  and,  having  united  chemi* 
caDy,  inhere  crystallographically,  or  in  virtue  of  the  attrac- 
tive energy. 

The  difTercncc  between  a  vapour  and  a  permanent  ^s, 
from  the  relative  extent  of  their  repulsive  and  attractive 
!,  which  are  affected  inversely  by  heat.  While  ihey 
are  liept  beyond  their  spheres  of  cohering  energy,  or  while 
dieae  are,  as  it  were,  surmounted  and  locked  up  by  the  re- 
pnbive  energy,  they  remain  aeriform ;  but  when,  by  a  de- 
prcMiiifi  of  temperature,  by  compressioii,  or  otherwise,  the 
iaiuenoe  of  tlie  attractive  energy  becomes  greatest,  they  in- 
sUmtly  ecrflapse,  like  the  index  of  the  magnetometer  formerly 
aHaded  to,  and  the  body  becomes  a  liquid  or  solid,  according 
ss  its  form  is  most  suitable  to  one  or  other. 

But  though  this  consolidation  of  matter  into  more  highly 
concrete  forms  be  exhibited  in  many  phenomena,  it  is  the  na^ 
tare  or  function  of  subtile  matter  universally,  upon  the  wlK)1e, 
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to  expand  the  volume  of  the  atomic  matter  with  which  it  is 
mingled,  the  repulsive  influence  being  more  powerful  than 
that  of  cohesion.  Hence  there  is  a  mutual  penetration  and 
interlacement  of  dissimilar  bodies.  Every  volume  of  a  liquid 
has  an  atmosphere  of  its  vapour  over  it,  of  a  density  depend- 
ing on  its  nature ;  and  every  aeriform  body  penetrates,  in 
greater  or  less  quantities,  into  the  liquid  or  other  penetrable 
or  porous  bodies  beneath  it.  It  is  most  curious  to  remark 
how  the  same  circumstance  which  permits  of  the  interlace- 
ment, also  sustains  the  vapour  in  that  state.  It  seems,  at 
first  sight,  very  strange,  that,  when  water  can  absorb  a  large 
quantity  of  oxygen,  and  many  other  dry  gases,  it  should 
permit  an  atmosphere  of  its  own  vapour  to  stand  over  it,  of 
condderable  density,  though  aqueous  vapour  settle  fast  upon 
most  bodies,  and  it  require  a  strong  heat  to  change  water  iiw 
to  steam.  But  oxygen  gas  is  a  dissimilar  body  to  water. 
Its  particles  are  not  repelled  by  those  of  water.  Pressed  by 
its  own  volume  from  above,  it  filters  through  the  superficial 
laminae  of  the  water,  and  lodges  there,  in  a  quantity  propor- 
tional to  the  force  by  which  it  is  squfiexed  in.  Vapour,  again, 
is  a  similar  substance :  the  lowermost  laminae  of  particles  of 
vapour  are  recognized,  repelled,  and  kept  off  by  the  water, 
their  heat  being  that  of  steam,  and  their  repulsive  sphere 
extending  beyond  their  attractive ;  and  this  inferior  lamina  of 
steam  sustains  the  weight  of  all  above  it.  But  if  the  medium 
which  is  to  absorb  it,  be  changed,  and  oil  of  vitriol,  or  a  dry 
porous  body,  be  substituted,  then  water  shews  that  it  is  im- 
patient of  the  aeriform  state.  In  like  manner,  if  any  gas  be 
exposed  to  a  porous  substance,  such  as  a  bit  of  fresh  charcoal, 
the  particles  are  not  repelled  from  it.  The  gaseous  partidee 
press  those  beneath  them  into  the  pores  of  the  ligneous  tissue^ 
and  such  volumes  as  are  impatient  of  the  gaseous  state,  settle 
in  considerable  quantities,  as  liquids,  and  remain  condensed, 
so  long  as  the  pressure  of  their  particles  remuns  upon  them. 
But  when  the  ambient  medium  is  changed,  that  is,  when  tbey 
are  relieved  from  the  pressure  which  forced  them  down,  they 
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atoend  igab,  and  interlace  the  new  atmosphere,  which  doea 
Doc  oppfcas  them. 

SO.  The  S9tbiUe  maiUr  invuiimff  a  bodjf  ocgMTts  more  amd 
wwtrt  of  a  rqmUve  adkmj  as  ike  rapid  vVbraJtory  mtdkm  or 
kmt  of  (he  foriidee  ejected  becomtee  greater y  ike  aUracHve 
emerge  arieinff/rom  ike  angles  dimhUshing  at  the  same  time. 

It  baa  been  already  ttated,  that  the  attractive  energy  of 
partirlfn  ia  diminiahed  by  beat,  and  such  motion  as  is  pro> 
duoed  by  friction  or  percussion  nqridly  repeated.  The  same 
modes  of  action  impart  energy  to  the  repulsive  principle,  and 
the  smplest  view  which  can  be  taken  of  the  case,  is  to  sup- 
poae  that  these  are  two  factors,  varying  inversely  as  each 
other,  the  one  gaining  in  every  case  what  is  lost  by  the  other. 
It  ia  entertaining  enough  to  believe  that  the  subtile  matter, 
by  a  very  rapid  vibraUon  of  the  angles,  is  displaced  from 
them,  and  resorts,  in  a  concentrated  state,  to  the  surfaces, 
the  regiooa  of  greatest  repose.  But,  resdent  there,  it  produces 
die  phenomena  of  repulsion,  and  thus  it  passes  from  the 
of  the  power  of  aggregation  to  that  of  chemical 
When  the  form,  again,  becomes  quiescent,  its  former 
condition  u  restored.  The  action  of  heat  in  producing  new 
substances  is  thus  doubly  eflPective,  for,  first,  it  diminishes 
the  unity  or  cohesion  of  those  now  existing ;  seamdly,  it  ex- 
alts the  electric  state  of  the  bodies  considered,  and,  conse- 
quently, makes  the  quantity  of  dissimilarity  in  electric  character 
to  be  greater,  in  virtue  of  which  they  are  enabled  to  unite ; 
but  having  united,  the  sustained  electric  state  would  Ik*  of 
no  use,  as  they  cohere  in  virtue  of  the  attractions  on  their 
angles ;  for  this  attraction^  though  weakened  for  the  puqxMC 
of  producing  that  state  of  things  which  could  alone  give  rise 
to  union,  recovers  strength  as  the  unnatural  electric  excite- 
ment subsides  with  the  temperature,  and  thus  the  {larticles, 
when  cold,  arc  left  in  a  state  of  strong  cohesion.  Friction  is  very 
often  resorted  to  as  a  means  of  developing  electricity,  hut  this  is 
probably  inconsequence  of  the  great  heat  which  is  induced  u|x>n 
the  superficial  particles.    We  have,  certainly,  no  means  of  de- 
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tecting  such  heat,  tliough  it  existed ;  and,  since  we  find  thai 
a  mass  soon  becomes  sensibly  warm,  when  rubbed  for  a  abort 
time,  the  heat  of  the  superfidal  lamina  must  certainl  j  be  ex- 
ited as  soon  as  its  electricity.  But,  perhaps,  a  rud^  tremor 
than  that  of  beat  may  be  adequate  to  produce  the  same  e& 
feet 

All  things  considered,  and  without  pretending  to  be 
very  confident  as  to  a  mechanism,  of  which  ocular  demoa- 
stration  cannot  be  obtained,  the  following  may  be  regarded 
as  the  distribution  of  the  subtile  matter  around  a  molecule, 
or  {nkof  mcJecules,  or  particles,  whose  form  is  not  spheroidal 
and  quiescent.  Let  AX,  EQ,  (Figs.  19.  and  SO.),  be  the 
axis  and  equator  of  two  forms,  in  a  plane  parallel  to  the  axis. 
When  these  are  not  equal  to  each  other,  the  molecule  is  not 
quiescent  When  the  equatorial  diameter  b  shorter,  as  in 
Fig.  SO,  the  form  is  eledra-positive.  When  it  is  longer,  as 
in  Fig.  19)  the  form  is  electro-negative.  Each  is  invested 
by  a  specific  quantity  of  subtile  matter,  derived  finom  the  uL 
timate  atoms  of  which  it  consists;  and  this  subtile  matter  pos- 
sesses unity  and  sympathy  of  parts,  even  though  the  external 
form  of  the  pile  of  molecules,  as  a  bit  of  glass,  may  be  desti* 
tute  of  specific  form.  The  subtile  matter  in  each  hemiqihere 
of  the  polarized  molecule,  may  be  regarded  as  in  a  state 
of  circulation,  the  external  current  being  in  electro-n^ative 
forms,  such  as  (Fig.  19-)  from  the  equator  towards  the  poles; 
in  electro-positive  forms,  such  as  (Fig.  20.)  from  the  poles  to 
the  equator.  Thus,  in  each  side  of  the  equator,  there  is  sup. 
posed  to  be  a  vortex  of  subtile  malter^  from  which  the  axis 
and  equator  of  the  molecule  are  excluded.  It  follows,  thete- 
fore,  that  in  some  position  depending  on  the  form  of  the 
molecule,  and  in  the  region  which  is  the  physical  centre 
of  each  of  these  circulations,  there  must  be  in  both  hemi- 
spheres  an  annulus  of  subtile  matter,  which  does  not  partake 
of  the  same  motion  as  the  surrounding  parts,  but  is  the 
csvcular  axis,  around  which  the  vortex  revolves.  This 
cylinder^   or   annulus,   is   therefore  free   to   move 
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ctbenriie,  in  obtificBce  to   the  biw«  of   fubcile    vmUcr. 
fiiDoe,  tlwi,  the  tabtik  priaopk^  fnntCiinling  tbite  iiiiiiili» 

hn  the  iHie  direodon  ••  the  other  perte,  it 
mote  m  m  diieetioo  at  ii|^t  englet  to  it,  end  tbue  it  he. 
rcfated  to  the  fifet,  ee  ■egnefi—  b  to  eteelriatjr, 
rtwwgh  thcee  tonM,  harting  w  to  thiok  of  leatter  b  Tery  pe^ 

of  poleritj*  eie  Detber  e|A  to  denuige  our  gmtfm 
The  diieelkHi  of  Ae  cfaealetion  ia  theee  eDOuKt  pe- 
ndkl  to  the  equetor,  depends  upon  the  dirsetion  of  the  vortex 
m  the  plane  of  die  axist  >nd  vice  venm.  It  it  oppoitte,  ae- 
€mSag  m  the  iarm  ia  dectio-poritiTe  or  elecirojitgative. 
And  thie  is  to  be  obecnred,  that,  whatever  be  iu  duwrtion  in 
ane  hrmisplirw^  wli9e  the  ciictibtlan  goes  on  between  the 
folea  and  eiinator,  it  must  haire  an  opposite  ooufse  in  the 
himiiiphm.  It  ioihnrs,  tbcrefiore,  that  the  polarity  of 
two  ■wnilii  on  opposite  ndes  of  the  equator,  is  in  oonse* 
states,  for  this  is  always  implied  by  opposite  currenls 
in  a  parallel  ponkion.  If  we  suppose,  then,  that  the  subtile 
hwre  gnatest  energy  at  die  poles  in  the  electro-pori- 
molecule,  and  at  the  equator  in  the  elcctrcMiegatire,  it 
ioUows  froBi  the  discoveries  of  Ampere,  as  to  the  repulsion 
exerted  between  two  currents,  thus  rdated  to  each  other, 
dua  the  action  resulting  from  these  currents  upon  each  other, 
is  to  dilate  the  polar  region  in  the  electn>-positive  molecule, 
and  the  equatorial  r^on  in  the  electro-negative,  which  must 
eonspire  with  other  causes  to  evolve  the  splieroiiial  form. 

There  are,  then,  in  a  polarised  molecule,  two  sets  of  pola- 
fixed  axes.  One  set,  analogous  to  the  terminal  edgi^n,  whose 
poks  are  contiguous  to  the  extremities  of  tlic  axis  and  the 
equator  of  the  form,  and  which  possess  similar  poles  at  both 
extraaities  of  the  axis,  and  poles  consecutive  to  these*,  and 
sianlar  to  each  other  at  the  eqiuiior ;  the  other  set,  having 
their  consecutive  poles  in  op|iosite  liemisplK*res,  tlie  iK*utral 
point  being  the  centre  of  the  molecule,  aiul  the  poleti  np. 
phed  to  the  neutral  regions  of  the  fifhi  si*t.  'i'he  limit  of 
the  polarized  action  is,  when  liicsc'  two  ?>etN  of  nxcb  are  np- 
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plied  to  each  other  at  right  angles,  in  which  case,  the  pou 
larized  axes  extending  between  the  poles  and  equator,  are 
represented  in  any  plane  passing  through  the  axis  by  the 
sides  of  a  square,  to  which  the  other  set  of  axes  are  perpen- 
diculars raised  from  the  middle  of  the  sides,  and  the  axis  and 
equator  of  the  molecule  are  diagonals.  The  limit  iu  whidi 
this  state  of  things  can  be  attained,  is  when  the  molecule  is  a 
sphere,  or  a  tessular  form  inscribed  in  it ;  and  hence  it  is  that 
the  polarized  action  demands  the  evolution  of  a  spheroidal  or 
tessular  form,  as  perfect  as  the  angular  shape  <^  the  m<de- 
cules  will  admit.  To  distinguish  these  different  planes  and 
lines,  which  must  obviously  possess  very  different  {»operties» 
"^as  the  lines  A  X  and  E  Q  lie  between  the  polarized  r^oos^ 
and  are  equally  affected  by  both,  we  may  adopt  the  name  of 
neutral  axis,  already  applied  to  lines  posses^ng  similar  prc^- 
perties,  and  not  differing  from  those  now  considered.  The 
oblique  axes,  of  which  the  annuli  parallel  to  the  equator  are 
the  poles,  and  whose  neutral  region  is  the  centre  of  the  mde- 
cule,  may  be  called  polarizing  axes.  (It  is  obviously  the  same 
power  which  polarizes  and  which  depolarizes.)  The  third 
series  of  parts,  including  the  axes  corresponding  to  the  termi- 
nal edges,  may  be  called  the  terminal  or  meridional  axes. 

When  the  spheroidal  form  has  been  attained,  which  it  thus 
becomes  the  limit  of  polarized  action  to  evolve,  the  terminal 
circulation  becomes  quiescent.  The  cause  which  made  the 
annuli  parallel  to  the  equator  to  move  in  opposite  directions 
is  of  course  removed,  and  their  consecutive  state  is  conse- 
quently obliterated.  Thus,  the  abolition  of  the  terminal  axes 
or  vortices  involves  the  abolition  of  the  polarizing  axes ;  for 
a  polarized  axis  implies  consecutive  poles  at  its  opposite  ex- 
tremities. The  subtile  matter  now  remains  without  any  de^ 
termination  between  the  poles  and  the  equator ;  and,  were  the 
molecule  absolutely  cold  and  insulated  in  space,  its  subtile  mat- 
ter would  be  wholly  in  a  state  of  repose.  Every  molecule,  how- 
ever,  as  a  member  of  the  universe,  has  a  certain  quantity  of  heat, 
which,  as  will  afterwards  be  shewn,  cannot  be  equal  in  degree 
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io  every  put  of  tbe  molecule ;  and  it  it  dbo  surrounded  by 
the  subtile  matter  of  other  bodies,  and  exists  in  it.  Henoe, 
if  the  subtile  matter  of  these  other  bodies  be  in  a  state  of  po. 
lariaed  action,  it  will  induce  motion,  at  right  angles  to  itself, 
in  a  quiescent  molecule  exposed  to  its  action ;  and  as  there  is 
nocMiig  in  the  quiescent  molecule  itself  to  subdivide  this  in* 
dooedciiculatian  into  opposite  currents,  it  will  move  in  a  mass. 
Therefore,  the  molecule,  whose  polarity  is  quiescent,  must 
rotate  among  the  others  as  often  as  it  is  able  to  overcome  the 
medumical  obstacles  in  the  way  of  a  free  movement  Now, 
io  every  case,  where  the  circumstances  are  such  as  to  admit 
of  this  rotation  of  qiheroidal  mcdecules,  it  has  been  observed. 
Water  is  a  medium  of  a  very  fluid  nature,  and  many  molecu- 
lar bodies  are  of  the  same  spedfic  gravity  with  it ;  water, 
dierefcHie,  serves  as  a  medium  for  suspending  molecules,  and 
reeving  them  from  the  fixture  of  position  arimng  from  their 
graTitation.  When  a  molecular  body  b  broken  down,  then, 
socfa  of  the  mdecuks  as  escape  in  the  entire  and  spheroidal 
state,  when  of  a  dissimilar  nature  from  the  water,  so  as  to  es- 
cape attractioos  and  repulsions,  ought  to  rotate  in  that  me^ 
dium  ;  and  that  they  really  do  so,  is  roost  amply  proved  by 
microscopic  observations,  especially  those  of  Muller  and 
Brown,  who,  above  all  others  devoted  to  such  obsen-ations,  it 
is  difficult  to  deceive.  The  latter,  in  particular,  has  shewn  us 
that  spheroidal  molecules,  from  whatever  body  (lenvtKl,  from 
the  pollen  of  a  plant  or  the  granite  of  the  Sphinx  of  Eg^pt, 
rotate  in  water.  Organic  molecules  such  a^  those  of  the  pol- 
len  of  plants,  are  large  enough  to  be  easily  visible  during 
their  rotations ;  and,  if  the  particle  of  pollen  be  destroyed  in 
an  immature  state,  the  molecules  and  |)articles  nill  Ix*  seen  to 
produce  shooting,  digitated,  and  arlx)rescent  forms,  which, 
io  that  condition,  it  is  the  province  of  rotating  nioU*cules  to 
develope.  When  a  vegetable  infusion  has  Ix-cn  |H»rnutttHl  to 
stand  for  some  lioie,  though  it  may  have  Inrn  lN>ilcd,  and 
the   vessel    containint^   it   hermetically   scaliHl   while    full  of 
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steam,  rotating  molecules  of  a  pellucid  nature  appear  in 
vast  numbers,  which  are  easily  to  be  observed*  Thdr  ro- 
tation necessarily  implies  an  occasional  and  desultory  progrea- 
sion,  in  consequence  of  the  partial  and  unequal  resistance  of 
the  medium  in  which  they  move ;  and,  in  certiun  pontiona, 
they  seem  to  become  polarised,  for  they  become  fixed  in  po- 
sition, and  currents  are  observed  flowing  towards  a  pole.  Oa 
a  sudden,  this  motion  becomes  reversed,  or  is  brought  to  neat, 
and  the  molecule  rotates,  and  pioceeds  gyrating,  ascending  or 
descending,  as  its  subtile  matter  demands.  Such  bocUes  are 
commonly  r^arded  as  animals,  and,  if  they  be  gelatinogi^ 
most  probably  they  are  ;  but,  according  to  the  views  of  the 
animal  nature,  noticed  afterwards,  they  could  not,  in  as  fiur  ^aa 
observation  is  only  made  of  their  motion,  be  regarded  as  aivU 
mals.  Some  seem  more  analogous  to  ova,  destitute  of  an  ea^ 
bryo,  and,  consequ^tly,  of  the  power  of  evolutiout  The 
movements  of  the  ova  of  Sponges,  Alcyooia,  Sertulariae,  and 
otha*  analogous  tribes,  as  has  been  amply  shewn  by  Profea* 
sor  Grant,  are  highly  analogous ;  but  they  are  provided  with 
saliant  radii,  which  the  others  want  Th^  form,  as  far  as  I 
have  observed,  is  never  spherical  or  symmetrical  on  opposite 
eides  on  the  equator.  After  their  free  movement,  which  is 
produced  by  the  rapid  movement  of  the  cilia,  has  continued 
for  some  time,  it  languishes,  and  ultimately  ceases,  the  ovum 
becoming  diffuse  shortly  after,  and  expanding  into  an  attach- 
ed disk,  containing  die  embryo  of  the  species  fixHn  which  the 
ovum  proceeded,  and  out  of  which  the  oiganized  form  is  de- 
veloped. The  ability  to  bring  itself  to  rest,  independently  of 
mechanical  change,  in  the  condition  of  its  matter,  or  the  sub- 
Ule  state  of  the  surrounding  medium,  rather  than  that  spon- 
taneous movement  which  we  erroneously  regard  as  the  result 
of  sensibility,  is  the  characteristic,  in  as  far  as  obvious  modon 
is  concerned,  of  an  animal  nature. 

It  appears,  then,  that  the  first  fit  of  polarized  action,  is 
•to  devdope,  out  of  highly  angular  atoms,  which,  taken 
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indtndttaUjr,  arc  pawTe  at  to  polarity,  spheroidal  parti. 
cki^  wbkhf  alio  takeo  individually,  are  paMTc  as  to  po. 
brity.  The  angular  partifies^  during  the  different  stages 
of  their  increaoent,  give  rise  to  solid  9MidJrimgibU  crystalline 
iMMfiea.  The  apberoidal  molecules  arc  6t  for  coostitutiog  the 
solid  MkAJUjcibk  parts  of  organic  bodies.  Like  ultimate 
they  depend  for  their  action  on  their  position ;  and  the 
of  atomic  masses,  to  which  they  give  rise,  are  ro- 
golated  hy  the  same  laws. 

SI.  Smbtik  wuUUTf  mvesUmg  a  sptcykjormj  cxtris  a  cer- 
imm  im^kt€meeomikismrroimdit^  subtile  maUer^  to  reduce  ii  to 
At  mam  MaU  wUh  ii$^.    It  seeass  very  credible,  that  the 
snfacile  matter  investing  a  wdl  oigsniaed  particle  of  matter,  or 
group  of  particles,  should  assimilate  to  its  own  state  the  oon- 
tijgnous  subtile  matter  more  deficient  in  individuality  and  speu 
dfic  character.     Tins  assimilation,  however,  must  obviously, 
aetpt  in  cases  where  the  contiguous  subtile  matter  is  neariy 
the  smooe  already,  be  a  very  slow  process,  for  it  can  only  be 
pesasaDently  aflectsd  by  the  surrounding  atomic  matter  being 
i^**^*^A  by  its  subtile  matter  into  the  same  form.     The  ob- 
vious consequence,  then,  of  this  reaction,  were  tliere  such, 
would  be  the  development  of  natural  bodies  in  groups ;  and 
the  law  expressed  amounts  to  this,  that  every  permanent  body 
exerts  a  certain  influence  on  the  biirrounding  matter  to  re- 
peat its  own  form  in  it :  and  hence  quantity  cooics  to  be  a 
con^deration  of  vast  importance  in  cliemicol  |)hila6o{)liy.     A 
large  quantity  will  resist  a  change  to  which  a  snioli  quantity 
might  be  nccessitatecl  to  yield ;  and  after  a  change  of  form 
has  begun  to  take  place,  it  will  go  on  in  a  geometrical  pro- 
gression, the  increased  quantity  that  has  been  clianged  con- 
itantly  exerting  an  increased  influence  to  change  the  remain- 
der.    Of  the  evidence  for  such  on  influence,  nature  and  the 
laboratory  are  full.     It  is  merely  a  nKxlification  of  induction, 
a  principle  of  vast  extent*.     Thus,  let  us  take  a  solution  sa- 
turated with  saline  matter.     Provided   there  is  no  concen- 
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tration  or  loss  of  heat,  it  will  remain  a  liquid  for  any  length 
of  time ;  but  let  a  crystal,  or,  still  more,  several  crystals  of 
the  substance  dissolved,  be  introduced,  and  in  a  short  time 
hundreds  of  little  solids,  like  those  put  in,  everywhere  mak^ 
their  appearance.  If,  in  the  same  way«  any  angular  sdid  be 
introduced  into  a  saline  solution,  though  not  with  the  same 
efiect,  yet  it  disposes  to  the  evolution  of  other  angular  solid^ 
which  in  this  case  can  be  nothing  else  than  crystals.  Occa- 
sion will  often  be  taken  afterwards  to  recur  to  experimental 
where  the  same  principle  manifests  its  energy.  In  the  pheno- 
mena of  nature,  it  is  everywhere  indicated.  Thus,  every 
spedes  has  its  locality.  Where  one  crystal  is  found  in  a  rock j 
there  are  usually  more  than  one.  One  or  several  crystals  lor 
instance,  are  developed  in  a  rock,  otherwise  in  a  mechanical  or 
constrained  state :  if  the  matter  of  the  rock  be  already  near- 
ly in  a  similar  state  with  the  crystals,  the  atomic  movements 
(towards  which,  what  we  call  solidity,  can  scarcely  be  an  im- 
pediment) are  all  towards  the  development  of  other  crystals 
of  a  similar  form  with  those  already  developed,  provided  there 
be  no  modification  to  produce  a  resultant  force,  and  an  interme- 
diate species.  The  rock  thus  becomes  porphyritic  and  ulti- 
mately granular,  and  all  its  cavities  become  drusy,  with  crys- 
tals of  a  quality  bearing  a  certain  relation  to  the  matrix  out  of 
which  they  have  grown.  If  there  be  any  justice  in  the  views 
of  matter  advanced  in  this  work,  the  crystalline  only  is  the 
quiescent  state  of  inorganic  matter.  Every  muddy  and  me- 
chanical mass  is  in  a  state  of  constraint,  with  faces  applied  to 
angles  and  edges  to  faces,  equators  to  equators,  and  poles 
to  poles,  every  thing  accidental,  repulsive,  and  wrong«  But 
the  ultimate  atoms  are  all  uninjured,  and  there  are  many  liu 
tie  crystalline  particles  and  fibres  left  undestroyed,  to  serve  as 
ferments  and  embryos  for  a  new  development  of  beauty,  sym- 
metry, and  quiescence.  Accordingly,  nothing  but  time  is  ne- 
cessary to  change  the  muddy  and  mechanical  stratum  into  a 
crystalline  rock,  which,  through  the  influence  of  the  contiguous 
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stimta,  will  probably  be  on  their  confines  changetl  into  their 
tubeUmoe,  though  the  matter  of  the  rock  forming,  taken  by 
itaelf,  be  dispoaed  to  conadtute  another  subatance.  Thus,  a 
stratum  may  pass  into  the  adjacent  rock  without  being  con- 
tfipofancoua,  and  become  OTstalline,  without  the  aid  of  fire 
or  water.  Funon  and  solution  will  no  doubt  ud  very  power- 
fiiDyy  by  permitting  the  particles  to  assume  at  once  their  po- 
silioDS  of  quieacence.  But,  when  we  consider  the  incalculable 
fbree  of  the  attractions  on  the  angles  of  atoms,— when  we  con- 
sider that  the  partides  of  an  iron  wire,  not  seven  hundredths 
of  an  inch  in  diameter,  will  support  a  weight  of  nearly  a 
quarter  of  a  ton,  rather  than  let  go  the  hold  which  they  have 
of  ead  other,  in  virtue  of  their  mutual  attractions,— we  will 
be  diflident  in  assuming  any  supenud  pressure  or  state  of  hard* 
neas  ao  great  as  to  oppose  the  movements  of  constrained  par- 
tides  towards  their  symmetrical,  their  crystalline,  their  quie^ 
cent  poMtions,  These  views  might  be  illustrated  at  great 
length  by  evidence  drawn  from  geological  phenomena,  from 
the  eflI<Mrescenoe  of  crystals,  and  the  change  of  position  in  the 
partidea  of  hard  crystalline  bodies,  as  indicated  by  a  change 
in  their  axes  of  polariiation.  But  this  could  not  be  done 
with  any  advantage  in  the  present  state  of  our  inquiries.  I 
shall  therefore  only  remark  farther,  that  the  action  of  subtile 
matter  which  has  now  been  stated,  is  the  most  important  of 
all  the  laws  of  Nature.  It  may  be  called  the  grand  law 
OF  IMITATION.  Amid  the  almost  infinite  variety  of  forms  of 
which  matter  is  capable,  this  law  prevents  the  development  of 
all  strange  and  incongruous  substances,  and  demands  that 
every  thing  subsequent  shall  be  in  harmony  with  what  is  be- 
fore. Moreover,  it  implies  that  the  atomic  action  of  the  uni- 
verse tends  constantly  towanls  a  crisis.  For  the  result  of 
imitation  is  assimilation,  and  the  result  of  assimilation  is 
quiescence. 
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For  explaining  the  phenomena  ot  heat,  or  that  which 
causes  bodies  to  become  rare,  luminous,  and  feel  hot,  another 
kind  of  subtile  matter  has  often  been  assumed.  Some  philoto. 
phers  have  even  not  scrupled  to  ascribe  an  atomic  constitu- 
tion to  heat,  deeming  that  the  expansion  to  which  an  increase 
of  temperature  gives  birth,  might  be  accounted  for  by  the  in- 
filtration  of  the  particles  of  caloric  from  the  source  of  heat 
into  the  body  warmed.  Others  have  inquired  whether  heat 
was  a  thing  that  could  be  wrighed  in  a  balance.  The  fact, 
that  heat  may  be  obt^ned  in  an  inexhaustible  quantity  from 
a  very  small  fibre  of  platina-wire,  which  may  be  kept  red-hol 
in  the  voltaic  focus  for  any  length  of  time,  and  that  an  inde- 
finite  quantity  may  be  elidted  by  friction  from  the  same  nuu 
terials,  render  this  opinion  of  the  materiality  of  heat  untena- 
ble. Heat  also  difiers  from  subtile  matter  in  all  its  afiectioni. 
It  is  not  polarized.  It  does  not  give  rise  to  attractions  or  ro- 
tations, except  in  so  far  as  it  may  exhilarate  these  motioiis 
proper  to  subtile  matter ;  and  it  diflers  entirely  in  the  mode 
of  its  propagation,  being  transmitted  through  the  best  sofid 
conductors  only  with  extreme  slowness,  falling  off  in  intensity 
from  the  source  of  heat  to  the  other  extremity  in  a  geometri- 
cal progression. 

There  is  no  reason  to  doubt  that  heat  consists  in  a  tremu- 
lous motion  in  the  atoms  of  bodies.  It  has  been  shewn  that  such 
a  motion  weakens  attractive  energy,  and  increases  repuittve 
Hence,  when  a  body  is  heated  it  expands,  both  because  the 
cohesion  of  its  particles  is  diminished  by  the  tremulous  motion 
of  the  angles  whence  the  forces  of  cohesion  emanate,  and  b^ 
cause  the  elastic  matter  resident  in  the  faces  of  the  particles 
increases  in  intensity,  and  demands  a  greater  volume.  Rare- 
faction, then,  an  exhilaration  of  electric  state,  and  a  more 
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fseble  oobenon,  tre  tlie  nocessary  conteqiicnees  of  an  increasic 
of  beat;  and  Uieae  are  well  known  to  be  the  {ihenomena 
which  a  riae  of  temperature  produces. 

The  number  of  cauteft  which  tend  to  expand  a  wiKd  or 
liquid  body,  is  diffSerent  ftom  that  which  tends  to  expand  an 
aeiiluim  one.    In  aolida  and  liquida,  there  is  an  actual  calo- 
rifie  repercomioB,  caunng  the  particles  to  start  away,  aocord- 
iag  to  the  ordinary  phenomena  of  ekstic  impact ;  there  isalso 
a  diiimifition  of  cohering  energy ;  and,  further,  there  is  an 
iBcrenae  of  elastic  fbrce  in  the  subtile  matter.     In  aSriform 
bodiea,  on  the  other  hand,  the  particles  are  insulated  from 
each  cither,  and  there  can  be  no  acttud  impact  or  atomic  re- 
coil ;  wither  can  there  be  any  diminution  of  ooheson,  for  the 
particles  of  gases  are  already  free  fhim  the  restraint  of  coIhv 
sbo,  and  their  attractive  energy  only  remains  as  a  dircctire 
fatce  to  sustain  symmetry.  There  is  imparted  to  them,  then, 
by  an  increase  of  heat,  only  an  increase  of  elartic  force,  or  ca- 
pad^  to  occupy  the  same  Tolumc  with  a  greater  pressure 
apoa  them ;  and  the  law  wich  determines  their  volume,  as  mo- 
dtted  by  temperature,  ought  to  be  sensibly  the  same  as  that 
which  determines  it,  as  modified  by  pressure.     The  expan- 
sbns  of  solid  and  liquid  bodies  ought  to  be  in  a  hif^hcr  ratio. 
Now,  it  has  been  fully  ascertained,  that,  in  as  far  its  cnn  be 
ofaaenred  by  the  eye,  the  moTcments  of  gases  from  change  of 
temperature  arc   perfectly   analogous  to   those  induced  by 
change  of  pressure ;  and  the  amount  of  the  heat,  by  which  a 
gas  fa  expanded,  would  be  indicated,  cither  by  noting  the 
amount  of  the  expansion,  or  the  weight  required  to  compress 
it  U>  its  former  bulk.     The  expansion  is  in  both  cases  pro- 
portional to  the  weight  which  the  gas  sustains.     It  has  also 
been   ascertained  of  sobds  and  liquids,  on  the  other  hand, 
that,  while  the  increments  of  temperaiure,  as  measured  by  an 
air  tbermometer,  are  in  arithmetical  pn)gre5sion,  their  corrc- 
qponding  expanaons  are  in  geometrical  progression. 
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The  modes  in  which  heat  is  excited,  also  indicate  that 
it  is  motion.     Thus,  when  a  body  which  does  not  relieve  itself 
by  breaking  in  pieces  is  struck,  and  its  ultimate  parts  made  to 
move  among  themselves,  it  becomes  hot.   The  concussion  not 
only  excites  the  elasticity  of  the  mass,  if  the  mass  chance  to 
be  elastic,  but  it  trills  through  the  ultimate  atoms,  which  are 
always  elastic,  and  are  broken  off  from  thdr  positions  of  co- 
hemon,  and  thrown  into  a  state  of  vibration,  or,  in  other  words, 
the  body  struck  is  warmed.     That  series  of  concussions  ra- 
pidly consequent  on  each  other,  commcmly  named  Fricuon, 
is  also  a  powerful  means  of  exciting  heat;  and  it  is  well 
known,  that,  without  in  any  degree  changing  the  nature  of 
the  body  on  which  the  attrition  takes  place,  any  quantity  of 
heat  may  be  excited  in  it.  It  is  commonly  said  that  heat  may 
be  excited  in  six  different  ways,-^by  the  sun,  by  combustion, 
by  chemical  action,  by  mechanical  action,  by  electricity,  and 
by  life.     In  all  these  cases,  however,  heat  is  excited  in  one  of 
two  ways,— either  the  two  parts  of  the  atomic  matter  of  two 
bodies  directly  act  upon  each  other,  and  that  which  has  the 
greatest  quantity  of  motion  transfers  it  to  that  which  has  less, 
till  the  quantity  is  equalized  between  them,  according  to 
their  several  capacities  for  entertaining  a  state  of  tremor ;  or 
the  atomic  matter  has  themotion  communicated  to  it  through 
the  medium  of  the  subtile  matter  which  invests  both,  as  in 
the  case  of  aeriform  and  rare  bodies. 

From  the  fact  that  the  attractive  energy  is  weakened 
during  a  state  of  heat,  a  very  important  consequence  fol* 
lows,  viz.  that  the  same  quantity  of  matter  in  a  hot  state  ia 
lighter  than  when  in  a  cold  state ;  for  the  weight  of  a  body 
depends  upon,  and  is  entirely  caused  by,  the  amount  of  ita 
attractive  movements  towards  the  earth.  The  experiments 
of  De  Luc,  Fordyce,  Morveau,  and  Chaucier,  all  lead  to 
the  conclusion  here  stated  as  necessary;  but  it  seems  ex- 
tremely difficult  to  perform  decisive  experiments  on  such 
a  subject.     Besides,  all  the  amount  of  change  in  the  vi* 
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hncioiis  of  bodies  between  the  gmtett  ooUi  and  greatMl 
heats  we  can  oominand^  may  probably  be  very  iooonsiderabie, 
eampared  with  the  difference  of  Tibration  in  different  bodies, 
cxpresaed  by  their  specific  heats.  Every  circumstance  in  the 
aperiments  also  tends  to  introduce  a  double  error,  which 
rarks  both  ways  to  equalise  the  indications.  I  f  water  changed 
its  capacity  for  heat  as  much  in  passing  from  the  liquid  to  the 
ailid  state,  as  it  does  in  passing  from  the  liquid  to  the  aeriform, 
I  fait  of  ice,  and  the  same  quantity  of  matter  as  water,  ought 
to  have  a  sensible  difference  in  weight  Could  volumes  of 
serifonn  bodies  be  weighed  with  precision,  the  same  matter 
in  the  solid  and  gaseous  state  would  frequently,  when  there 
wasaeonsiderable  change  of  specific  heat,  be  considerably  dif- 
foent  But  it  is  difficult  to  suggest  an  experiment  altogether 
five  fiom  objection.  It  is  interesting  to  observe,  however, 
that,  when  seeking  for  an  increase  of  weight,  accurate  espe- 
rimentalists  have  most  frequently  found  a  lo»,  and  never  an 


27.  One  is  again  tempted  with  a  speculative  question  an»- 
kigous  to  the  infinite  divisibility  of  matter,  or  the  conduct 
of  a  body  in  vacuo— is  a  state  of  stillness  or  absolute  coldness, 
or  a  state  of  tremor  or  wannth,  most  uingeiiiul  to  the 
constitution  of  atomic  matter  'f  We  hliall  infer  that  the  lat. 
tcr  is  modt  congenial,  lK*cau5e  all  InHlies  are  more  or  less 
warm.  Nevertheless,  as  far  as  ol>8er\'ation  can  carry  U8,  we 
ooQclude,  that  atomic  matter  is  perfectly  inert  and  passive.  If 
it  has  never  been  warmed  from  without,  it  remains  |)erfectly 
still  and  cold  ;  and  when  it  haslieon  wanned,  it  cannot  hring 
itself  to  rest  otherwise  than  by  parting  with  its  calorific  ex- 
diemeot  to  contiguous  bodies,  or  by  the  re-action  of  different 
n^aos  of  its  own  form,  neutralizing  the  action  of  others,  and 
rendering  a  state  of  greater  coldness  alone  com|>atible  with 
the  mechanism  of  its  constitution. 

28.  From  the  fact,  that  the  units,  or  ultimate  atoms,  of  all 
bodies  are  the  same,  and  that  these  atoms  are,  in  different  Ixv 
(iies,  differently  built  and  deposited,  some  with  their  angles 
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more  free,  some  with  their  angles  more  restrained,  it  follows 
that  the  particles  of  difierent  sorts  of  bodies  shall  have  diffi»- 
rent  capacities  for  heati.  Some  may  be  eompatible  with  a 
highly^vibratory  state,  wlule  othars,  in  the  same  external  heat, 
may  be  necessitated  to  remain  comparatively  cold  or  at  lest 
Thus,  comparing  together  the  several  forms  which  have  been 
already  frequently  attended  to,  we  should  infer  that  the  Utr». 
dron,  (Fig.  S.),  from  its  very  acutely  angular  structure^  would 
be  capable  of  being  excited  into  a  state  of  most  intense  heat ; 
but  that,  when  surrounded  with  other  bodies,  it  would  not 
naturally  sustain  a  high  calorific  state,  for  there  is  no  symme* 
trical  exposition  of  the  vibrating  parts,  and  a  tremor  propaga- 
ting from  the  centre  is  not  symmetrically  conducted  on  opposite 
sides.  The  triangular  bipyramid,  again,  (Fig.  8.)  is  admiraUjf 
fitted  for  sustaining  a  veiy  strong  state  of  heat  The  capacity 
for  heat  of  the  pentagonal  bipyramid  (Fig.  4.)  must  be  lefl% 
for  the  pungency  of  its  polar  angles,  which  pnly  areopfoAtato 
each  other,  is  less.  Of  those  whose  electrical  relations  were 
compared,  the  form  (Fig.  18.)  seems  next  well  suited  for  vi- 
bration, for  the  whole  being  solid  and  symmetrical,  the  treiaor 
may  be  propagated  from  the  centre  without  interruption. 
Then  follows  the  form  (Fig.  15.) ;  and  then  the  binate  mole- 
cule,  (Fig.  14.),  which,  probably,  has  two  points  at  zero  mmw 
logous  to  the  fod  of  an  ellipsoid  ;  and,  last,  is  the  frustukur 
form,  (Fig.  8.)  which  is  equaUy  destitute  of  vibratory  angles 
and  opposite  parts.  It  is  also  to  be  remarked  of  this  form, 
that  the  centre  of  elasticity,  a  point  whicli,  in  every  body,  at 
every  degree  of  temperature,  must  be  absolutely  cold,  is  ex- 
posed to  the  incidence  of  other  bodies.  Such  bodies,  then, 
could  not  be  dislodged  thence  simply  by  the  institution  of  a 
reverberatory  action  between  them. 

S9.  The  susceptibilities  of  atoms  for  entertaining  calorific 
tremor,  will  evidently  be  greater  the  farther  they  are  from 
the  maximum  state  of  motion  of  which  they  arc  capable. 
Equal  applications  of  heat,  therefore,  will  not  produce  equal 
increments  at  different  temperatures.     A  very  cold  body  will 

become  warm  with  avidity.   One  in  a  state  of  vibration  greater 
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that  which  is  ipecilic  to  it,  suppotiug  it  to  bv  cooled  down 
fiDm  the  masimuui  of  which  it  is  capsble,  will  be  farther 
htiil  with  difliculty.  Previous  to  the  arrival  at  that  point 
vlnch  implies  injury  and  destruction,  all  picci*H  of  natural  ine> 
observed  to  suffirr  retardations,  and  to  refuse  to 
with  their  usual  facility.  Hence  we  may  be  able  to 
what  ia  meant,  when  it  is  said  that  the  capacity  of 
ahadj  for  heat  inomwes  with  its  tempeimture :  for  it  is  to  be 
that  the  word  capacity,  as  commonly  used,  signi- 
bolh  capacity  and  incapacity,  and  often  indicates  nothing 
that  it  is  difficult  to  increase  the  temperature  of  the 
hsdy  which  is  said  to  have  a  great  capacity. 

The  capacity  of  bodies  for  heat,  in  the  sense  used  in 
,  is  indicated  by  their  specific  heats  as  members  of 
world,  or  exposed  to  a  common  temperature,  and  the 
ve-aetion  of  each  other.  Were  a  multitude  of  forms, 
bemg  one  or  other  of  the  sorts  that  have  been  so  fre- 
qasBtty  mentioned,  brought  to  a  state  of  absolute  rest  or  cold- 
■OB,  sssd  then  minted  together  in  a  warm  place ;  supposing 
ao  chemical  union  nor  solution  took  place  between  them, 
they  would  aggregate  according  to  their  specicH  ■  each  would 
Chid  a  volume,  whose  parts,  viewed  in  relation  to  each  other, 
were  symmetrical ;  and  each  would  possi^  a  certain  quantity 
af  spedBc  tremor,  or  heat,  nca)rding  as  its  form  had  a  greater 
«leas  capacity  for  entertaining  it.  This,  then,  is  the  specific 
heat  of  the  body,  an  element  of  vast  interi'st,  affecting  all  its 
functiooa.  But  how  are  we  to  ascertain  the  N|K*cific  heats  of 
bodies  ?  The  states  of  tremor  which  they  now  pos- 
all  equivalent  to  c'ach  other,  and  the  result  of  a  mu- 
tual reaction  :  let  a  thermometer  thenl>e  plunged  in  one,  it  is 
farooght  to  an  equivalent  state  of  tremor,  rising  or  falling  as 
the  case  may  be ;  let  another  tliennomcter  be  introduced  into 
SDOther,  it  is  also  brought  to  an  w|uivultiU  stale  of  tremor  ; 
but  the  tremor  of  the  two  Uxlies  having  different  capacities 
far  heat,  were  «|uivalent  to  eai-h  other,  s<i  also,  therefore, 
SHKt  be  that  of  the  thennoineters,  and  in  both  the  bodies, 
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though  one  of  them,  if  brought  to  rest,  might  prove  to  be  so 
hot  as  to  give  rise  to  rays  of  fire  around  it,  and  the  other  aU 
most  cold,  still  the  thermometers  give  indications  of  the  same 
degree  of  heat. 

80.  The  ability  of  two  or  more  bodies  to  warm  a  third,  is 
named  their  relative  temperatures.  It  indicates  their  relative 
power  of  imparting  calorific  excitement,  or  their  dispostttoo 
to  part  with  the  heat  which  agitates  them  at  that  moment. 
Thus,  suppose  a  volume  of  matter  in  the  state  of  tetraedroosy 
(Fig.  2.)  and  another  volume  in  the  state  of  triangular  bi- 
pyramids,  (Fig.  8.)  formed  by  the  union  of  two  of  the  former; 
and  suppose,  farther,  that  it  is  only  necessary  to  r^ard  the 
heat  excited  in  the  acute  or  trisedral  angles  of  both,  and 
that  there  is  an  equal  number  of  such  angles  in  both  volumes, 
then  the  temperature  of  the  volume  of  tetrsedrons  will  be 
the  same  as  that  of  the  bipyramids,  at  an  era  when  the  vibra- 
tory excursions  of  the  angles  at  the  tetrsedrons  are  less  than 
those  of  the  bipyramids,  because  the  latter  having  a  greater 
capacity  for  heat,  instead  of  giving  it  off  to  the  contiguous 
body,  will  rather,  after  the  impact,  communicate  the  tremor 
backwards  to  their  own  centres  again,  which  the  tetrsBdrona 
cannot,  in  consequence  of  the  greater  effort  required  to  do  ao^ 
when  the  amount  of  vibration  is  the  same  in  both.  The  tem- 
peratures of  bodies,  then,  are  the  indices  of  their  powers  of 
heating  other  bodies  colder  than  themselves,  but  give  no  in- 
timations as  to  the  quantity  of  heat  resident  in  these  bodies^ 
or  the  quantity  of  vibration  existing  in  th^r  atoms  at  a  given 
temperature.  The  conducUng  power  of  bodies  in  reference 
to  heat,  like  their  conducting  powers  in  reference  to  eleclricity, 
depends  very  much  on  their  state  of  density  or  rarifaction. 
Strata  of  subtile  matter  seem  an  almost  perfect  impediment 
CO  the  transmission  of  electricity;  and  it  demands  double 
work  before  the  mechanical  agitation  of  heat  can  be  com- 
municated across  such  laminae. 

•  SI.  The  quantity  of  heat,  in  a  certain  quantity  of  any 
body,  depends  upon  the  specific  heat  of  its  particles,  and 
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Dumber  in  the  Tdume  ooniklercd.     In  equal  weights  of  a 
number  of  cBanmilar  bodies,  then,  we  may  say* 

It  is  diflScult  to  see  how  the  quantity  of  heat  in  different 
bodies  can  be  accurately  discovered.  The  specific  heats  of 
equal  volumes  of  the  gases,  given  by  M.  M.  Delaroche  and 
Beraid,  when  reduced  to  an  equal  number  of  particles,  and 
dEvided  by  their  atomic  weights,  give  about — 

Fixed  Air«  -M 

iDtozkmtifig  Ou,  •Of 

Air, I. 

Viul  Air,         .        .        .  1. 

Nitrogen,  .  l.Ot 

Cffbonic  Oxide,      .  1.04 

OfefiSDtOM,  \SS 

Hydrogen,  S*S 

The  difference  here  indicated,  except  in  the  case  of  hydro- 
gn,  is  iocoosiderable.  It  does  not  seem  possible  to  discover 
the  specific  heat  of  the  particles  of  a  Ixxlv  (*x(>enmentally  ; 
oeverlheless,  the  approximations  which  have  Ixi^n  obtained 
are  of  very  great  value.  Thejte  present  j^reat  differences,  as 
related  by  different  observer*! ;  hut  all  agriv  in  insulating 
hydrogen  gas  from  all  (Hhers,  by  a  most  remarkable  s|)ecific 
heat,  to  which  nothing  but  water  approximates 

$SL  The  specific  heats  of  iKxiit^s  must  evidently  vary  with 
theitates  of  aggregation  in  which  they  hap|K*n  to  exist.  In 
the  solid  state,  the  tremor  of  the  angles  must  l>e  much  im- 
peded by  the  state  of  cohesion  in  which  they  are  retained ; 
jet,  it  may  so  happen  that  the  (articles  may  lie  n*tained  in 
Qohesioa,  by  regions  not  of  a  vibratory  character  ;  and  thesi\ 
even  in  the  solid  state,  are  consequently  free  to  l)ecome  warm. 
Beooe,  though  it  may  gencraily  Ik*  ex|Hvte<l,  it  d(H^  not  ne- 
QCMinly  follow,  that  a  great  change  in  capacity  or  s|)ecific 
beat  shall  always  accompany  a  changi'  from  the  solid  to  the 
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liquid  state.  That  condition  of  matter,  which  18  compatible 
with  the  greatest  specific  heat,  is  the  aeriform ;  and  the  spe- 
cific heat  must  be  greater,  the  less  the  gaseous  volume  is 
made  to  approximate  the  dense  state  by  compresnon.  Hy- 
drogen gas  possesses  so  intense  a  heat,  and  capacity  for  more^ 
that  when  a  stream  of  it  is  made  to  play  upon  a  body  eaaly 
heated,— that  is,  such  an  one  as  is  fixed  and  dry,  and  does 
not  give  off  its  heat  rapidly  to  contiguous  parts,  as  very  ^n^ 
platina,  palladium,  rhodium,  iridium,  or  osmium  foil  or  dujifc^ 
or  even  charcoal,  glass,  pumice-stone,  or  porcelain,  if  diey 
have  been  aided  by  an  elevation  of  temperature,— so  mudi 
heat  is  developed  by  the  hydrogen,  that  the  particles  of  the 
body,  on  which  the  hydrogen  impinges,  become  red  hot,  the 
hydrogen  unites  with  the  vital  air  of  the  atmosphere,  and 
water  is  formed. 

38.  Every  change  in  specific  heat  is,  of  course,  the  conse- 
quence of  the  vicinity  of  other  bodies,  and  of  a  change  in 
capacity.  When  capacity  increases  by  change  of  state,  con- 
tiguous bodies  supply  heat  to  the  matter  whose  capacity  is 
increased;  hence  rarefaction  must  produce  cold  in  con- 
tiguous bodies,  such  as  air,  thermometers,  the  hand,  fcc 
In  the  fountain  of  Hero  at  Schemnitz  tn  Hungary,  the 
air  is  compressed  by  a  column  of  water  £60  feet  high,  or  is 
about  eight  times  as  dense  as  that  of  the  atmosphere ;  never- 
theless, in  consequence  of  principles  that  have  been  already 
explained,  even  in  this  compressed  state,  there  is  a  quan- 
tity of  steam  ur  aqueous  vapour  in  it,  and  when  a  stop- 
cock is  opened,  so  as  to  allow  the  rarefaction  of  the  air,  its 
capacity  for  heat  is  so  much  incrcascKl,  that,  borrowing  from 
the  aqueous  vapour,  it  deprives  it  of  the  degrw  of  heat  alone 
capable  of  sustaining  water  in  the  ncriform  state,  the  va- 
pour congeals,  showers  down  as  snow,  and  icicles  arc  formed 
around  the  pipe  whence  the  air  rushes  ♦.  If,  then,  there  be 
two  equal  volumes  of  air,  one  of  which  is  only  half  the  den- 
sity, or  contains  only  half  the  number  of  pnrlicles  which  the 

*  Davy*8  £leinctitft,  p.  91. 
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other  oostaiitt,  the  ▼oliune  of  rare  mir  will  ooofain  more  Uuui 
Uf  the  quantity  of  heat  which  the  dense  volume  conlaina, 
jnd^ia  suffering  oompreMon  totheeamedenntyas  the  other, 
a  me  of  temperature  muflt  be  indicated.     It  muit,  in  eonee^ 
qmmcc  of  a  diminutioo  of  capacity,  part  with  tome  motioQ 
which  it  could  sustain  before,  and  thus  il  must  warm  oon- 
tiguoaa  bodies,     in  4be  sane  way,  air  of  any  density,  when 
U  must  gire  out  part  of  its  heat;  but,  in  those 
Its  of  sudden  compression,  which  are  commonly  ad- 
daeed  lo  shew  the  great  specific  heat  of  gases,  and  thrir  di. 
■snisiied  capacity  when  compressed,  much  heat  is  generated 
fagr  the  violence  of  the  stroke,  and,  probably,  the  volume, 
when  restored  to  its  natural  density,  would  be  found  warmer 
than  befbie  the  experiment.     When  two  baloons,  each  con. 
fssning  a  delicate  thermometer,  are  united  by  a  stop-oock, 
sad  one  of  them  exhausted  of  air,  while  the  other  retains  it 
of  any  density,  un  opening  the  stop4»ck,  and  permitting 
the  air  to  become  equal  in  both,  that  thermometer  which 
only  was    previously  invested  by  the  air,  sinks,  and  that 
on  which  the  air  is  let  in,  rises  by  the  quantity  that  the  other 
■iks      The  temperature  of  the  thermometer,  coofinod  akmg 
with  the  air,  was  sustaini^d  by  the  action  upon  itH  hiilb  of  a 
certain  number  of  particles  of  air,  and,  consequently,  exiKtitl 
in  a  certain  quantity  of  heat.     When  the  air  was  permitted 
to  escape,  the  number  of  warm  particles  clothing    tho  bulb 
less,  and  its  temperature  fell  pro|x>rtioiiallY.     But 
it  lost  was  gained  by  the  other ;  so  that  its  tiinpiTatun* 
in  the  same  proportion.     The  colontic  cause  is  trans- 
from  one  to  the  other,  and  the  changi*  of  tem{)era> 
indicated  is   proportional    to   thi*   numlxr  oi*  {mrticles 
I,  that  is,  to  the  change  in  the  density.     With  dif- 
gaaes,  the  amount  of  the  change  of  tem|>eratun*  (ic- 
on the  specific  heat  of  the  gas.      Hut  the  loss  in  (len> 
aty,  when  it  is  considerable,  must   Ik'  airompanied   with   an 
iocreaac  of  capacity,   which   will  sensibly  affect  the  result : 
md    hence    the  cold  indicatcil    h\   the  theniiometer,    from 
vUch  the   air  nislu»s  out,  ought,   when    the  rarefaction  In 
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considerable,  to  be  greater  than  the  heat  indicated  by  the  ther- 
mometer, upon  which  the  air  is  let  in.  These  results  are  in- 
variably found  in  the  beautiful  experiments  of  M.  Gay  Los- 
sac,  to  which  allusion  is  now  made.*  But  in  all  experi- 
ments upon  the  heat  of  gases,  the  radiant  medium,  after- 
wards to  be  considered,  modifies  the  results. 

The  compression  of  solids,  when  their  parts  yidd,  also  di- 
minishes their  capacity ;  and  as,  in  the  condensed  state,  they 
cannot  entertain  the  same  quantity  of  heat  at  the  same  tem- 
perature, they  roust  give  it  out,  and  warm  surrounding  bo- 
dies. It  appears,  from  the  experiments  ot*  Berthdlet  and 
others,  that  the  quantity,  of  heat  thus  developed,  is  propor- 
tional to  the  amount  of  condensation  ;  and  that  bodies,  whoee 
parts  are  not  moved,  may  be  severely  pressed  without  be- 
coming sen»bly  warm-f.  It  is  well  known,  that,  by  ooo- 
tinued  percussion,  a  rod  of  iron  may  be  made  red  hot;  but, 
during  the  process,  its  texture  undei^oes  a  change,  and  to 
repeat  the  experiment,  it  must  be  forged  into  its  former  ooo- 
dition. 

84.  Such  are  the  most  obvious  chemical  and  phyncal  phe- 
nomena  of  heat,  considered  by  itself.  The  consideration  of 
fire,  or  heat  and  light  simultaneously  exhibited,  will  be 
afterwards  entered  on ;  meantime  it  may  be  only  remarked, 
on  the  meclianical  nature  of  heat,  that,  while  it  is  said  to  be 
a  tremor  of  the  tremulous  parts  of  the  ultimate  atoms  of  bo- 
dies, it  is  obviously  only  remotely  connected  with  those 
movements  which  depend  on  the  elasticity  of  the  mass. 
This  is  a  phenomenon  arising  chiefly  from  its  subtile  mat- 
ter. When  an  ivory  ball  impinges  on  a  plate  of  marble,  the 
shapes  of  both  are  altered.  The  particles,  though  consti- 
tuting a  solid,  are  in  reality  suspended  in  a  medium  of  sub- 
tile matter,  and  it  is  this  chiefly  that  suffers  compression, 
and  of  which  the  recoil  produces  the  sensible  rebound.  The 
impression  on  one  side  is  immediately  intimated  and  induced 
on  the  opposite  sido,  and  the  centre  of  elasticity  remains 

*  Memoires  d*  Arcueil,  torn.  i.  p.  181.         f  Ibid.  torn.  ii.  p.  441. 
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quicaoent ;  and  »  far  this,  the  datticity  of  the  iiiaai«  ariflng 
cfaieflj  firom  its  subtile  matter,  serves  to  illustrate  atomic 
dastidty,  which,  when  in  action,  is  heat  But  it  might  be 
expected,  that  masses  which  are  not  ehuitic  wouM«  upon  the 
whole,  be  more  easily  hgated  by  impact,  than  soch  as  are 
elastic  ;  for  the  jrielding  and  change  of  shape,  without  rup- 
tnre  of  parts,  in  the  kttcr,  indicates  that  the  atoms  can  move 
fieelj  in  their  subtile  matter,  and  thus,  lo  a  certain  extent, 
CKape  from  the  cffiects  of  percussion. 

86.  Besides  the  expansions  and  contractions  of  bodies,  by 
wUcb  these  changes  of  heat  are  indicated,  we  obtain  intima- 
tioo  of  the  same  by  sensation.  There  is  a  certain  amount  of 
aHomic  motion  in  the  matter  of  our  bodies,  which  constitutes 
an  agreeable  warmth,  and  is  most  compatible  with  the  circii- 
JatioD  of  our  fluids,  with  those  unions  aiKi  decompositions  in 
which  assimilation  consists,  and  the  vital  functions,  genimlly. 
Any  departure  from  this  state  is  intimated  at  any  part  of  the 
body*  by  a  sensation  of  heat  or  cold.  It  has  liec^n  uiiual  to 
czphun  all  sensation  on  the  principle!*  of  vibration!i ;  it  need  not 
he  wondered  then,  if  heat,  according  to  this  view,  excite  sensa- 
tion.  When  the  temperature  felt  departs  l)eyond  a  certain 
quantity,  from  that  which  i<>  natural  to  the*  svstrm,  tho  (lift- 
organization  and  death  of  the  |)art  chilliHl  or  burned,  ensiie!i. 
The  organic  tissue,  when  in  life,  cannot  sup[)ort  the  hent  of 
boiling  water,  even  for  a  moment,  without  a  new  distrihution 
of  the  scalded  \\OiX\%  bein^  induced,  (vreat  cold  in  i^pially 
fatal,  and  is  said  to  pn)duci*  a  si^nsation  very  similar.  Diit  a 
living  bcxiy  may  be  includtHl  in  an  atmosphere,  uhos4*  ac- 
tion on  a  mereunal  thermometer  is  niueli  <rn*]iter  than  lM>i)in^ 
water,  without  sustaining  anv  injury. 

36.  Speaking  of  heat.  Sir  H.  Davy  siys  '*  It  S4»t»ms  j^os- 
able  to  acanint  for  all  the  |>henomena  of  heat,  if  it  1k'  sup. 
posed,  that,  in  solids,  the  partick^s  are  in  a  constant  state  of 
vibratory  motion,  the  [mrticles  of  the  hottc»st  Ixxlies  moving 
with  the  greatest  velocity,  and  through  tlu»  lar;ifi»st  spaces  ; 
that  in  fluids  and  clastic  fluids,  iK^ides  the  vibratory  motion, 
vinch  must  be  conceived  greati*st  in  the  last,  the  {mrticles 
hsTc  a  motion  arouml  their  axes  with  difTenMit  velocities,  the 
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particles  of  ^elastic  fluids  moving  with  the  greatest  volooilies ; 
and  that  in^etberialsubstaiioes,  tbeipartioles  move  round  their 
own  .axes,  and  separate  from  each  other,  penetrating  in  right 
lilies  tlm>ugh  jpaee.  TempeBatuvemay-be  conoeiyiBd  to  de- 
pend upon  the  ^ooitie8<«f -the  vibrations  4  incrsase  of  capad^ 
tyt  on  the  imotion  being  'performed  in  greater  space ;  and  the 
diminution  of  temperature,  dutiag  the  oonvertion  tof  solids  m- 
to  fluids  or  gases,  may  be  explained  on  the  idea  of  the  Inss  ttf 
vibratory  motion,  in  ooasequenoe  of  the  *tevoluti<m  of  par- 
tides  around  their  «axe8,  al;  the  ^nonient  when  the  body  be- 
oomes  fluid  or  aerilbrm,  or  from  4he  loss  at  rapidity  tof  vibni- 
tioQ,  in  consequence  of  ihe  motion  et  the  particles  through 

Count  JEUHnfiwd  says,  ^^  In  v^asoning  en .  this  subject^  lae 
must  not  foi^get  to  oonsider  that  most  remaricable  cinmns*- 
Bt«nGe,.that  the  source  of  heat^  genanated  by  friction,  in  ihete 
ejiperiments,  appeared  •evidently  to  be  iaexhausCibie.  It  is 
handly  necessary  to  add^  that  any  thing  which  any  insukded 
body  or  system  of  bodies*  can.  continue  to  furnish  without 
limitation,  cannot  posably  ,be  a  materijEd  substance ;  aad  it 
appears  to  me  io  be  extremely  difficult,  if  ndt  -quite  impoa-r 
siUe,  to  form  any  distinct  idea  of  any  ^i^  capable  of  being 
eaudted  and  communicated  ib  the  mancier  in  which  heat  was 
excited,  and  oommumcated  in  these  experiments,  except  it  be 
MoTiOMf.  Dr  Young,  in  lus  lectures,  expresses  the  same 
o}»nion,  and  regrets  that  the  philosophers  of  the  present  day 
are  disposed  to  rest  satisfied  with  superficial  viewsof  these 
matten.  Sir  Isaac  Newton  says,  <^  Do  not  bodies  and  light 
act  mutually  upon  one  other,  that  is  to  say,  bodies  upon  light, 
in  emitting,  reflecting,  refracting,  and  inflecting  it ;  and  light 
upon  bodies  for  heating  them,  and  putting  their  parts  into  a 
vibrating  motion,  wherein  heat  consists  P^|  The  opinions  of 
the  admirable  Boyle  are  the  same  § ;  and  these  are  only 
English  philosophers. 

It  might,  indeed,    be  shewn,  that  all    the   principles  of 
modem  chemistry,   and  the   chief  of  those  respecting  the 

*  £lcment%  p.  95.         f  Essays,  vol  ii.  p.  492.         X  Optics,  p.  31 1. 

§  Boyle*i  Works,  foL  vol.  iii.  p.  bl5. 
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ooiMlktttaoii  nf  niflUcr,  advaBoed  in  the  pKoading  pages, 
«e  feund  in  the  ^ihciights  of  the  iDoompandile  Newton. 
Evea  in  the  SImI  qtieiy  of  the  Optici  alone,  the  folkming 
— iwgother  irieai  are  cuttUined :— *^  Have  oat  the  «nU  par- 
liolea  'of  IxMUes  certain  povere,  viittiea,  or  fbitea,  by  which 
tbej  not  at  a  diatanee,  not  only  upon  the  rajri  of  hght  (at  re- 
liwlinft,  leftatting,  and  inflecting  them,  but  abo  upon  one 
another  fbripffodudng  a  gwat  part  of  the  phenomena  of  na- 
me  ?  .  .  .  Pefhapa  ekdrieal  nUrorfian*  nnijr  reach  Id 
floefa  amall  dietanepB  at  hitherto  entape  ofaMrvation,even  with* 
owe  being  exciled  br  friction.  Fory  when  talt  of  tartar  nmii 
per  deliquMan,  b  not  this  done  by  an  n^lror^ion  between  the 
portidea  of  the  sak  of  tartar  jMddie  paitioiea  of  the  water  whieh 
in  <fae  air,  in  the  ibmi  of  vapours  t  And  why  does  die 
salt,  or  ritrid,  (prolosulphatc)  of  iron  not  run  per 
ddquium,  but  for  want  of  such  an  attraction  P  Or  why  docs 
not  aalt  of  tartar  draw  more  water  out  of  the  air  than  a  cer- 
laifi  profortkm  io  Us  own  ^nonlf^,  but  for  want  of  an  nt. 
timiife  force,  after  it  is  satiated  with  water  ^  And  whence  is  it 
bnt  Inxn  this  attractive  power,  that  water,  which  alone  dis- 
til with  a  gentle  luke-warm  heat,  will  not  distil  from  aak  of 
tartar  without  a  great  heat  ? — and  when  water  and  oil  of 
▼itriol,  poured  guccesMveiy  out  of  the  same  vessel,  grow  very 
hot  in  the  mixing,  does  not  this  heai  argue  a  great  maiion  in 
the  parts  of  the  liquors  ?  And  does  not  this  motion  argue  that 
the  parts  of  the  two  liquors,  in  mixing,  coalesce  with  violence, 
and  by  consequence,  rush  towards  <!ach  other  with  accelera- 
ted motion  ? — When  spirit  of  vitiiol,  poured  upon  common 
ndt,  or  sallpt^tre,  makes  an  ebullition  with  the  salt,  and 
unites  with  it ;  and,  in  distillation,  the  spirit  of  the  commcm 
odt,  or  saltpetre,  comes  over  much  easier  than  it  would  do 
before,  and  the  acid  part  of  the  spirit  of  vitriol  stays  behind  ; 
doei(  not  this  argue  that  the  fixed  alcali  of  the  salt  attrac*ts  the 
vid  spirit  of  the  vitriol  more  strongly  than  its  own  spirit,  and, 
not  lieing  able  to  hold  then)  both,  lets  go  its  own? the  air 

*  The  Ualtcs  introduced  in  ibi«  quotation  aro  not  in  the  original. 
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abounds  wiih  add  vapours^  JU  to  promoU  fermefUatiom^  as 
appears  by  the  rusting  qfiron  and  copper  m  ity  the  kindling 
qffire  by  bhwingj  and  the  beatinff  of  the  heart  by  means  of 
r)Mpirii<iofi.....Now,  the  above  mentioned  motions  are  so  great 
and  violent,  as  to  shew,  that  in  fermentations  the  particles  of 
bodies  which  ahnost  rest,  are  put  into  new  motion  by  a  very 
potent  principle^  which  acts  upon  them  only  when  they  ap- 
pcoaeh  one  another,  and  causes  them  to  meet,  and  dash  with 
great  vidence,  and  grow  hot  with  the  motion^  and  dash  one 
another  into  pieces,  and  vanish  in  air,  and  vapour,  and  smoke 
When  salt  of  tartar  per  deliquium,  being  poured  into  the 
solution  of  any  metal,  precipitates  the  metal,  and  makes  it 
iGsU  down  to  the  bottom  of  the  liquor,  in  the  form  of  mud ; 
does  not  this  argue  that  the  acid  particles  are  attracted  more 
stMBgly  by  the  *ialt>of:  tartar 'than  by  the  metal,  and,  by  the 
strongest  attraction,  go  from  the  metal  to  the  salt  of  tartar  ? 
When  oil  of  vitriol  is  mixed  with  a  little  water,  or  is  run 
per  deliquium,  and  in  distillation,  the  water  ascends  dif- 
ficultly, and  brings  over  with  it  some  part  of  the  oil  of  vitriol, 
in  the  form  of  spirit  of  vitriol ;  and  this  spirit  being  poured 
upon  iron,  copper,  or  salt  of  tartar,  unites  with  the  body,  and 
lets  go  the  water ;  does  not  this  shew  that  the  add  spirit  is 
aUracted  by  the  water,  and  more  attracted  by  the  fixed  body 
than  by  the  water,  and,  therefore,  lets  go  the  water  to  close 
with  the  fixed  body  r 

When  metals,  corroded  with  a  little  acid,  turn  into  rust, 
which  is  an  earth,  tasteless,  and  indissoluble  in  water ;  and 
this  earth,  imbibed  with  more  acid,  becomes  a  metallic  salt, 
and  when  some  stones,  as  spar  of  lead,  dissolved  in  proper 
menstruums,  become  salts ;  do  not  these  things  shew  that 
salts  are  dry  earth  and  watery  acid,  united  by  attraction,  and 
that  the  earth  will  not  become  a  salt,  without  so  much  add  as 
makes  it  dissoluble  in  water  ?  Do  not  the  sharp  and  pungent 
tastes  of  acids  arise  from  the  strong  attraction,  whereby  the 
add  particles  rush  upon  the  tongue  P  and  when  metals  are 
dissolved  in  acid  menstrua,  and  the  acids,  in  conjunction  with 
the  metal,  act  after  a  different  manner,  so  that  the  compound 
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han  a  dUTerenl  taste,  much  milder  than  before,  and  sooietimet 
a  sweet  one ;  is  not  this  because  ike  acids  adhere  to  ike  me- 
toBie  partideMj  and  thereby  loose  much  of  their  activity  P  and 
if  the  acid  be  in  loo  small  a  proportion  to  make  the  compound 
disnluble  in  water,  will  it  not,  by  adhering  strongly  to  the 
metal,  become  inactiTe,  and  lose  its  taste,  and  the  compound 
be  a  tasteless  earth  ?  for  such  things  as  are  not  dissoluble  by 
the  moisture  of  the  tongue,  act  not  upon  the  taste.«— fo  a 
pariide  of  a  dok  mqgf  be  compared  to  a  chaoi ;  being  dnwir, 
Aard,  diry,  amd  eartky  m  the  centre^  and  rare^  eqfi,  moM^  amd 
waUry  tn  the  drcwH^trence. 

If  a  very  small  quantity  of  any  salt  or  vitriol  he  dissolved 
in  a  great  quantity  of  water,  the  particles  of  the  salt  or  vitriol 
will  not  nnk  to  the  bottom,  though  they  be  heavier  in  space 
than  the  water,  but  will  merely  diffuse  tiiemselves  in  the  water, 
so  aa  to  make  it  as  saline  at  the  top  as  at  the  bottom.  And 
does  not  this  imply  that  the  parts  of  the  salt  or  vitriol  recede 
finm  one  another,  and  endeavour  to  expand  themselves,  and 
get  aa  far  asunder  as  the  quantity  of  water  in  which  they  float 
will  allow  ?  And  does  not  this  endeavour  imply  that  they 
have  a  repulsive  force,  by  which  they  fly  from  one  another, 
or,  at  least,  that  they  attract  the  water  more  strongly  than 
they  do  one  another.  When  any  «»alinc  liquor  is  evaporated 
to  a  cuticle,  and  let  cool,  the  salt  concretes  in  regular  figures, 
which  argues  that  the  particles  of  salt,  l)efore  they  cxMicreted, 
floated  in  the  liquor  in  rank  and  file,  at  equal  di»taoces,  and 
by  consequence,  that  they  acted  upon  each  other  by  some 
power,  which,  at  equal  distances,  is  e<|ual,  and  at  unequal 
cfistances  is  unequal.^ And  since  the  particles  of  Iceland  crys- 
tal act  all  the  same  way  upon  the  rays  of  li^ht,  for  causing 
the  unusual  refraction,  may  it  not  Ik*  su|)posed,  that,  in  the 
fonnation  of  this  crystal,  the  |)articles  not  only  arranged 
themiselves  in  rank  and  file,  for  concreting  into  regular  figures, 
i«/,  by  some  kind  of  /xdar  virtue^  turned  their  homogcneal 
ndee  the  same  way. 

The  parts  of  all  homogeneal\\esA  bodies,  which  fully  touch 
etch  other,  stick  together  very  strongly  ;  and  for  explaining 
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hoir  this  may  be,  some,  kc  I  had  raiker  mftr^  fitnn 
their  eohesum^  that  their  particles  attracts  one  another  bg  some 
Jbrce^  nhichyin  immediaie  contact  u  e«ceedingbf  strongs  ai 
mnall  distaneee  perfomu  the  chemical  operations,  abooemet^ 
tionedj  amdreaehes  ndtjarjrmn  thepmrtkks  wUh  any  sand* 
hU  ^fieL^.^li  bodiet  fleem  lobe  composed  of  hMdvpaitUm 
..:.  JiMT^ifiooBipQUiid  bodieaaore  ao  very  hafd  as  we  indiomt 
of  them  ta  be,  and  yet  are  very  porous,  aod  oondst  of  parts 
ihat.ara  only  hud  together^  the  simple  particles  tMA  atfs 
void  qf'poresyand  were  never  yet  divided^  must  be  mssA 
harder...., And  how  such  very  hard  particles,  which  are  only 
hid  together,  and  couch  only  in  a  few  points,  can  stick  to- 
gether, and.thatso-firmlytas  they  do^  without  the  assistaaoe 
oC  something  which  causes  them  to  be:  attracted  or  pressed 
towsrdaone  another,  is  veiy  difficult  ta  cooceiva.w..By  the 
iMnfte  principle  (capillary  attraction),  a  sponge  sucks  in  water.; 
and'theghmds'inttfae  bodies  of  animals^  aooording  to  their 
sevend^nacnnssf  and'^dispositioaB:  suck  in  various  juioes  frooi 
the;  blood. 

There  are;  thersforei  agetitB  in  nature  able  to  make  the 
psfftides  of  bodies  stick  together  by  very  strong  attraotioiis; 
and:  it  is  the  budness  of  experimental  philosophy  to  find  them 
Wt  Now,  the  smallest'  particles  of  matter  may  cohere  by 
the  strongest  attractions,  and  compose  bigger  parddes  of 
weaker  virtue ;  and  many  of  these  may  cohere  and  compose 
bigger  particles,  whose  virtue  v&  still  weaker;  and  so  on^  fbr 
diverse  successions,  until  the  progression  end  in  the*  Inggeet 
partides,  on  which  the  operations  in  chemistry  and  the  co- 
lours of  natural  bodies  depend,  and  which,  by  cohering,  coflS^ 
pose  bodies  of  a  sensible  magnitude.  If  the  body  is  com- 
pact, and  bends  or  yields  inwards  to  pressure,  without^  any 
sliding  of  parts,  it  is  hard  and  elastic;  returning  to  its  flgnre 
wilH'  a  ibrce  rising  from  the  mutual  attraction  of  parts;  if 
the  partk  slide  upon  one  another,  the  body  is  malleable  and 
soft ;  if  they  slip  easily,  and  are  of  a  fit  size  to  be  agitated 
by  heat,  and  the  heat  is  big  enough  to  keep  them  in  agita- 
tion^ the  body  is  fluid.-^-Seeing,  then,  the  variety  of  motion 
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vhicb  w«  Me  in  the  world  is.  alwajs  drrwiiiing^  then  it  a 
m  ri  Milj  of  oootenriag  Mid  re-maniiting  it  hjr  active  prinoiplai, 
uch  as  are  the  cauM  of  granty^  and  the  eaine  of  renocBtation, 
hf  wUdl  the  heart  and  blood  of  aninala  are  kepi  in  pn*. 
pecual  aioAai  omI  Aea^  the  inimd  parts  of  die  earth  are 
eaaaiantljr  wniedf  and^  n  aoase  piaesi^  ffoiw  vcrj  holy  n^ 
dMS  bom  and  diinc».  aMMintaias  take  ii%  the  oaveras  of  the 
earth  are  blown  up^  and  the  san  ooatinuea  Tiolently  hot  and 
hieid,  and  8»rMt  aU  Mmgt  bg  Ait  li^iL  For  we  meet  with 
verjF  fittk  motion  in  the  world  bemdes  what  is  owing  to  these 
active  principles;  and  if  it  were  not  for  these  principles, 
the  bodies  of  the  earth,  pianola,  oometBi  sun,  and  all  things 
is  them^  would  grew  cold  and  ireeae,  and  become  inactive 
aiaaaes;  and  all  putrefaction,  genentioo,  vegdationy  and 
Efe  ironld  cease,  and  the  planets  and  comets  would  not;  re- 
in  their  orbs.  AU  thcaie  things  being  considered,  it 
probable  to  me,  that  God  in  the  beginning  fmmed 
tar  in  solid,  massy,  hard,  impenetrable,  moveable  pai  ti- 
des^ of  such  ttses  and  figures^  and  with  such  other  pro- 
perties,  and  in  such   proportion  to  spaoe»  as  most   oon- 

dswsd  to  the  end  for  which  he  fbrmed  them. And, 

therefore,  that  nature  may  be  lasting,  the  changes  of  corpo- 
real  things  are  to  be  placed  only  in  ibe  various  separations 
and  new  associations  and  motions  of  tiiese  permanent  |)ar. 
tides,  compound  bodies    being   apt  Ui  break,   not    in    the 
midst  ol'  solid  particles,  but  where  those  particles  are  laitl  to- 
gether, and  only  touch  in  a  few  points.     It  Hcema  to  me, 
farther,  that  these  particles  have  not  only  a  v%$  incriiiE^  ae^ 
oompanied  with  such  passive  laws  ct  motion  as  naturally  nv 
sult  from  that  force,  but  also,  tlmt  ihe;^  are  moved  Uy  certain 
principles^  such  as  tliat  of  gravity,  and  tliat  which 
fermentation  and  tlie  oohesion  of  bodies. .....  Now,  by  the 

help  of  these  principles,  all  material  things  seem  to  have  been 
of  the  hard  and  solid  particles  above  mentioned, 
ly  associated  in  the  first  creation,  by  tlie  counsel  of  an 
inselligeot  agent,  for  it  became  him  who  created  them  to  set 
them  in  order     And.  if  he  did  so,  it  is  uniibilusopliical  to  seek 
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for  any  other  origin  of  the  worlds  or  to  pretend  that  it  migbl 
arise  out  of  a  chaos  by  the  mere  laws  of  nature,  though  being 
once  formed,  it  might  continue  by  those  laws  for  many  ag^ 

And  if  natural  philosophy,  in  all  its  parts,  by  pursuing 

this  method  (analysis),  shall  at  length  be  perfected,  the 
bounds  of  moral  philosophy  will  also  be  enlaiged.  For,  so» 
far  as  we  can  know  from  natural  philosophy,  ivhat  is  thi^  Firai. 
Cause,  what  power  he  hath  over  us,  and  what  benefits  we 
receive  from  him,  so  far  our  duty  towards  him,  as  well  as  to- 
wards one  another,  will  appear  to  us  by  the  light  of  nature.^ 

Such  are  some  of  the  ideas  of  this  great  philosopher,  re. 
specting  the  constitution  and  origin  of  matter.  Since  his  day» 
a  multitude  of  minor  discoveries  has  been  made ;  above  all^ 
the  admirable  exfdoit  of  insulating  the  acid  vapours,  which 
he  recognized  as  abounding  in  the  atmosphere,  and  causing 
the  rusting  of  metals,  fermentation,  and  the  circulation  of  tb«. 
blood,  has  shed  a  new  aspect  over  the  science ;  but  it  is  not 
to  be  denied  that  the  progress  of  chemical  theory,  sinoe  bw 
day,  has  merely  ccmsisted  in  an  expansion  of  these  views.     .  , 

37.  By  means  of  these  motive  forces  and  conditions  at 
modon,  the  constitution  of  bodies  is  sustained  in  a  state  of 
constant  change,  and  there  are  more,  particularly  four,  aspects 
assumed  by  matter^  with  the  structure  of  which  it  is  nece^ 
sary  to  be  acquainted.  These  are,  the  solid,  the  liquid,  the 
gaseous,  and  the  vapoury  ;  solids,  are  such  as  can  sustain  their 
shapes  by  their  proper  cohesion,  liquids  are  such  as  fall  down 
in  consequence  of  the  generic  or  atomic  attraction  of  the 
mass  being  greater  than  the  specific  or  particular  attraction, 
and  they  depend  for  their  shapes  on  the  vessels  which  contain 
them;  and  aeriform  bodies,  whether  permanent  gases  or  va* 
pours,  are  in  the  same  predicament  The  distinction  between 
gases  and  vapours  arises  from  the  permanency  in  the  con- 
dition of  the  subtile  matter  of  the  one,  and  its  changeable 
character  in  tlie  other.  Thus,  if  a  particle  have  a  great  spe- 
cific heat,  compared  with  the  whole  range  through  which  it 
may  I>e  heated  or  cooled,  m  nature  or  experiment,  changes 
of  temperature  will  most  probably  not  alter  its  state,  for  the 
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amount  of  the  dumge  induced  in  the  fdative  quantities  of 
attractnre  and  repulsve  matter  around  it,  is  incomidenble. 
If^  agaiiiy  a  particle  have  such  range  of  action  that  it  may  be 
made  to  alternate  between  a  very  hot  state  and  a  very  cold 
ttate,  n  proportionally  great  cliange  will  be  induced  upon 
the  fcinlive  quantities  of  its  attractions  and  repulsions,  and 
■ore  csnily  may  it  be  made  to  change  from  the  airiform  to 
tlie  liquid  or  solid  state     This  change,  however,  may  ob- 
fiously  be  eflected  otherwise  than  by  a  change  of  temperature. 
ThuB,  if  by  an  electric  discharge,  the  intensity  or  quantity  of 
the  dectric  or  repulsive  matter,  investing  each  one  in  a  vo^ 
Inne  of  particies  in  the  aSriform  state,  be  lessened,  a  vapour 
■By  oondense  in  consequence  of  its  attractive  influences  being 
laid  naked  by  the  loss  of  a  certain  depth  in  its  investing  re- 
pokive  sphere.    Compression  may  obviously  effect  the  same ; 
snd  it  may  be  anticipated  that  this  is  an  agent  of  great  force. 
It  ia,  in  fact,  equivalent  to  inducing  a  difference  in  electric 
itatc  among  the  particles ;  the  atomic  parts  are  brought  suf- 
fidentiy  contiguous  to  clasp  each  other  by  their  attractions, 
which  beii^  consecutive,  stretch  out  towards  each  other  the 
mare  the  particles  are  made  contiguous ;  and  do  not  suffer 
compression  towards  the  solid  matter  which  they  invent,  as  is 
the  case   with   the  nonoonsccutive  repulsive  mttlium    which 
insulates  them.     Compression,  then,  offcvted  without  violeiuv, 
10  as  to  excite  heat,  which  is  calculated  to  sustain  the  aeri- 
brm  state,  must  be  a  powerful  agent  in  effecting  the  conclcn- 
sition  of  aeriform  Ixxlies.     Some  aerirorni  IxMiies,  m  which 
there  is  a  very  critical  Imlance  l)ctwe<*n  the  attnictive  and 
repulsive  energy,  may  yield  to  a  small  pri»?4siin» ;  and  yet, 
vhile  uncompressed,  be  most  eminently  elastic.     But  such  is 
the  harmony  of  things,  that  media  of  this  structure  must  also 
have  a  great  capacity  for  heat,  and,  consec|uently,  a  propor- 
tional tendency  to  sustain  tlie  aeriform  state  by  the  exhilara- 
ted state  of  their  electricity,  and  the  depress4>d  state  of  their 
ittrMTtions  ;  and  the  pressure  which  forces  the  particles  to- 
wds  each  other  may  heat  them,  and  consequently  increase 
'heir  elastic  force. 


66  STATES  OF  MATTE& 

CoDsidered  in  a  state  of  repose,  and  apart  from  bodies 
to  compress  than,  or  towards  which  they  may  fall,  there  m 
no  generic  diatincCion  between  matter  in  the  solid,  liquid, 
gaseous,  or  ▼apoury  mate.  Ail  are  elastic  not  spontwwr 
ously  expansible  tissues  of  atomic  particles,  oocupyii^  a  de- 
fiinte  volume,  aftid  more'  or  less  completely  jnaulated,  oad' 
retained  tir  position  by  the  subdle  matter  which  invMs  tbem. 
Solids  and  liquids  cannot  be  compressed  into  smaller  votumea 
to  any  great  extent*  At  that  degree  df  depth  by  wbicb 
their  atomic  parts  are  separated  from  each  other,  their  svE^ 
tile  matter  is  very  dense,  and  requires  an  immense  foreetti 
make  it  yield.  ASriform  bodies^  again,  may  be  compresnd 
into  very  small  volumesy  because  the  medium  which  insHlatoa 
them  is  at  so  great  a  height  above  the  atomic  surfiaoes  of  llie 
particles;*  rare  and  easily  resisted; 

At  the  mufaoe  of  the  earth,  aeriform  bodies  are  always  is 
a  state  of  compression^  and  hence,  their  true  characters  Ga»> 
not  be  diaooVerad  by  experiment  Immediately  on  removiaig 
the  fato^-  which  oppreises  tliem,  they  expand,  as  nearly  ah 
they  aiig  permitted^  to  a  state  of  natural  tenuity ;-  and,  in  thia 
state,  they  can  tmly  be  obtained  at  the  surface  of  the  earthy 
in  a  perfect  Boylean  vacuum.  This  circumstance,  that  airi^ 
form  media  are  always  presented  to  us  in  a  state  of  compres- 
sion, naturally  leads  us  to  r^ard  them  as  more  peculiariy 
elastic  and  expansible  than  other  bodies,  and  that  they  pos- 
sess these  properties  difierent  in  kind,  as  well  as  in  degree, 
from  more  dense  bodies,  that,  whereas  the  partides  of  other 
bodies  must  first  be  made  to  approach  each  other  before  their 
elasticity  is  exhibited,  aeriform  bodies  expand  first.  We 
are  apt  to  forget  that  they  are  already  compressed  to  onv 
hand,  and  that  their  expansion  is  merely  the  recoil  from  -ti 
compresmon  previously  inflicted  on  diem.  An  uncompressed 
aeriform  medium,  then,  is  a  symmetrical  tissue  of  atomic  par- 
ticles, which  are  more  free  to  move,  independendy  of  each 
other,  than  particles  in  any  other  state.  If  several  be  reinav« 
ed,  the  vcdume  is  proportionally  diminished,  and  the  others 
come  in,  and,  occupying  their  positions,  restore  the  symmetry 
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of  the  whole.  A  volume  of  an  uncompresfled  gu  is  like  a 
veMel  full  of  small  ivory  balls,  each  limilarly  to  another  tra- 
vcned  by  magnetic  nccdlca,  sufpended  ra  a  liquid  medium, 
■but  qxdfic  gravity  is  less  than  th«r  own,  by  the  least 
qoaBtity.  If  one  of  them  be  thrown  into  a  state  of  elastic 
flmtni,  which  is  propagated  equally  around  from  the  centre, 
ndn  of  ekitic  tremor  will  be  propsgated  in  the  direction  of 
aH  those  which  touch  it  around.  Each  of  these  receives  the 
impalae  which  excites  it  on  a  point ;  its  elastic  movement  is, 
Aerefixe,  determined  between  that  point  and  one  diametrical- 
ly opposite.  The  next  hall,  or  that  seoond  from  the  central 
ia  agitated  in  a  like  manner.  Thus,  in  an  uncom- 
gas,  an  elastic  impulse,  propagated  from  a  centre,  is 
divided  into  radii,  while  the  inter^'als  remain  more  or 
ksB  quiescent.  In  a  compressed  gas,  on  the  other  hand,  the 
whtAe  tissue  resembles  one  ivory  ball.  The  whole  is  in  a 
ilBte  of  mutual  dependence  and  connexion.  When  one  part 
iiiBOV«cl,  there  is  a  reoKtion  thmigh  the  whole  There  u 
mHAdaiicmj  while,  in  the  other  case^  there  is  rodinlioM. 
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RADIANT  MATTER. 


That  the  intervals  between  the  dense  bodies  of  the  luiif 
verse  are  filled  with  particles  of  some  8ort»  no  one  will  disputcw 
This  celestial  medium  philosophers  have  sometimes  called 
Light,  sometimes  Lumeniferous  Ether ;  and  while  all  agree 
that  it  consists  of  particles  possessing  mechanical  properties^ 
some  think  that  these  particles  move  through  two  hundred 
thousand  mUes  in  a  second  of  time ;  others,  that  their  excuiv. 
sions  of  utmost  amplitude  are  never  more  than  twenty-five 
millionth  parts  of  an  inch.     Moreover,   these  particles  of 
molecules  are  admitted  to  have  perfect  uniformity  of  action 
in  the  same  circumstances, — ^to  submit  to  the  ordinary  law# 
of  the  impact  of  elastic  bodies, — ^to  have  sides  and  properties 
peculiar  to  certain  regions,  and  still  they  are  treated  of  with 
some  reservation   as  if  they  were  different  from  matter  and 
every  thing  else.     This  has  arisen,  in  no  small  measure,  firont     ^ 
the  reluctance  of  philosophers  to  admit  any  thing  possessing     ! 
inertia  into  the  planetary  spaces,  lest  such  a  medium  might    ^ 
occasion  a  retardation  in  the  heavenly  bodies,  which  are  com*    ^ 
monly  believed  to  move  without  any  mechanism  to  sustain    ^ 
their  motions.  ^ 

But   without  a  knowledge  of  the  mechanism  of  such  a     I 
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mediuin,  we  cannot  infer  a  priori^  whether  its  inertia  ihall 
be  of  avail  to  bring  a  body  in  contact  with  it  to  rest,  or 
to  cause  it  move  through  it.  Let  us  see  what  we  find  a- 
round  us,  and  in  the  sky  between  the  stars,  and,  in  the  mean 
time,  leave  planets,  moons,  and  double  stars  to  themselves, 
assured,  that,  though  our  philosophieal  notions  respecting 
dieir  movements  may  be  a  retardation  to  our  progress  in  know, 
ledge,  they  can  be  no  retardation  to  them  in  their  orbits. 

According  to  the  general  principles  which  have  been  al- 
ready advanced,  it  follows,  that  the  lumeniferous  ether,  me- 
dium or  substance  of  fire  and  light,  radiant  medium,  or 
imiversal  ether,  to  be  any  thing  ponessing  physical  properties 
at  all,  must  only  be  regarded  as  atomic  invested  with  its 
proper  quantity  of  subtile  matter;  and,  consequently,  it  must 
be  a  ponderable  body,  unless  its  specific  heat  be  to  great  that 
iu  attractive  energy  is  reduced  to  zero ;  for  it  is  never  to  be 
iw^goCten,  that  the  weight  of  a  body  is  merely  the  effect  of  its 
simccive  en'eigy,  causing  it  to  tend  towards  the  earth.  Far- 
-,  it  must  obviously  be  either  a  gas  or  a  vapour,  and  it 
conduct  itself  like  other  gases  and  vapours,  in  as  far  as 
in  atoiiiic  form  is  analogous. 

We  are,  therefore,  at  once  excludt'tl  from  the  considera- 
tion of  ail  the  doctrines  of  the  system  of  emanation.  All  ex- 
oenive  penetrating  |)ower  is  like^'ise  denied  to  the  |>article8. 
Light  must  find  its  way  through  solid  yards  of  (|uart/,  other- 
wise than  by  the  transmission  of  hard  ]>articles.  'i'here  can 
be  no  doubt,  however,  that  the  particli*s  of  the  radiant  me- 
dium mre  more  minute  than  those  (»f  all  other  Ixxlies ;  hut 
tfffl  it  is  incredible  that  quartz,  glass,  and  such  like  iKxlies, 
be  so  porous  a^  to  permit  any  particles  to  pass  through 
in  right  lines. 

PnMD  an  investigation  of  the  phenomena  of  physical  optics , 
Asrwards  to  be  illustrated,  it  is  inferred  in  this  work,  that 
the  radiant  medium  consists  of  |>artieles  synmietrically  re- 
Ubd  and  fixed  in  their  positions  hy  their  mutual  attractions; 
«k1  that  they  are  unifonn  in  size,  and  that  their  shape  is 
*e  regular  tetnedron  (Fig.  2.).     Those  atoms  are,  like  the 


70  OF  Tax  &ADIANT  MEUUM* 

particles  of  all  other  todie^  iove«ted  iwith  their  subtile  mat- 
ter ;  and  their  impenetrable  nuclei  ate  easily  su^oeplifale  of 
that  motien  in  whkh  heat  consists.  The  amount  of  the  in* 
tervals  between  the  aloms  is  different  in  different  parts'  of  the 
universe.  It  cannot  be  ascertained^  but  iheir  symmetry  may 
be  determined  from  the  laws  of  polariaed  inalter»  already 
discussed.  The  atoms  must  fsont  each  other^  angle  U>  angle; 
and  as  there  are  four  such^  the  whole  must  be  dUstributed* 
so  that  the  spaces  between  the  atoms  are  regular  ^lets^ronsy 
all  the  edges  at  the  atoms  being  in  straight  lines,  inclined 
to  each  other  at  angles  of  60^  and  190°. 

The  smallest  portion  which  possesses  polariaed  unity^  is 
composed  of  eight  •  atoms^  endosiog  an  oetsedrgl  cavity, 
of  which  four  are  vcprelented  in  Fig.  S2i»  viewed  almost  aa  a 
solid,  far  the  sake  of  simididty  of  figuring.  This  form  is  an 
octsedral  trigonal  icositetreedron,  the  external  angles  of  the 
pyramids  being  ooincident  with  those  of  a  cube;  or,  if 
tangent  planes  be  laid  on  four  angles  at  once,  a  cube  is  da- 
velcqped,  and  the  external  edges  of  the  oonsUtuent  atoms  aie 
diagonals  to  tlie  faces  on  every  nde. 

Like  the  single  tetrsedron,  as  has  been  mentioned,  (1£) 
this  octonate  molecule  is  passive  as  to  the  direction  of  its  po» 
larity,  and  any  of  the  three  axes  of  the  included  octaedvon 
may  become  the  polarized  axis ;  but  it  is  never  to  he  for- 
gotten, that  whatever  axis  be  the  polarized  axis,  the  equator, 
or  plane  containing  the  other  two,  retains  the  subtile  mat- 
ter in  a  state  consecutive  to  that  of  both  poles,  as  iUustraled, 
(16).  Now,  it  is  to  be  remarked  of  the  edges  of  the  tetnn* 
drons  fronting  each  other  at  die  equator,  that  they  lie  irana- 
verscly  to  those  on  the  polar  aspects,  while  thesic  latter  asa 
parallel  to  each  other,  (Fig.  22).  It  is  also  to  be  remarked, 
that  all  the  edges,  which  lie  in  the  same  plane,  cut  each  other 
at  right  angles. 

Each  octonate  molecule  of  radiant  matter  is  surrounded  on 
all  its  six  aspects,  by  others  symmetrically  fronting  it ;  so  tblit 
a  perpendicular  from  the  centre  of  any  of  its  faces  (that  is, 
from  the  |)oint  of  inteiscction  of  tiie  edge  produced),  even  if 
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luwiimiiJ  fran  m  find  itar  to  the  earth,  vouid  be  the  esis 
ef  a  eq^wn  piiij  poicdljr  etnight  throughout.  Fig.  SS. ; 
peorided  the  dearity  cf  the  ledium  renaiacd  umfarm  or  ve. 
lied  8D  that  the  condeoMtaen  is  <  ifiiiaa.iil  by  eoy  whole 
■aaher  or  fraction  whoie  numcvator  is  unity. 
.  Sveiy  DSSopitr  aioleculc  is  oomputed  of  four  ports  sym- 

I  till  ally  edited  to  each  other,  each  of  which  coosists  of 
ta»  iitrgdoui,  of  which  ire  are  repreKOted  in  Fig,  84.,  hav- 
ki|g  their  nost  remote  edges  perailet  to  each  other,  their  in. 
loaal  edges  also  being  parallel,  but  in  a  transverse  position 
ID  the  external  edges. 

Each  perfect  ray  of  ether  consists  of  four  lectilineal  fibres 
ef  teltaeJims  of  this  character,  which  may  be  called  single 
flsya,  (Fig.  f4.)  At  equal  distances,  such  a  ray  is  azotom- 
awsin  one  plane;  and  at  equal  intermediate  distances  it  is 
SBotooaous  in  another  plane,  at  right  angles  to  the  first ;  and 
the  poahiDOs  of  transverse  frangibility  are  alternate  to  each 
sriM*,  and  the  intervals  between  them  all  are  equal.  If  the 
even  MMsbers  S,  4,  tt,  8,  10,  represent  the  positions  from  the 
at  which  it  is  frangible  in  one  direction,  then  the  odd 
1,  S,  1^  7,  9,  llf  &c.  will  repecicnt  the  positions  in 
which  it  h  frangible  in  a  transverse  clirectiuii. 

Every  ray  composed  of  octcNiate  m<ileciik's,  (Fig.  ^^.),  or 
number  of  such  rays  symmetrically  arranged,  are  com. 
of  single  rays,  (Fig.  ^4.),  or  rays  composed  of  binate 
in  two  positioDs  only,  transverse  to  each  other,  in 
eqaal  numbers;  k>  that  in  any  plane,  half  the  ray  ib  axo- 
looious  in  one  plane,  and  the  other  half  oxotomous  in  a  plane 
St  right  angles.  Such  are  some  of  tlie  inoht  im|)orL-inl  cha 
lacters  of  the  radiant  inediuiii,  ainsidered  an  a  4|uieMX'nl  ma5> 
mtybom  subjected  to  cleavage. 

Viewed  as  a  polarized  medium,  we  muKt  regard  it  in  iti^ 
SKiiecular  character  as  (*oiiipoK.*d  of  tessular  uioleeules,  de- 
pading  upon  the  direction  in  which  the  excitement  ot'  the 
aibtile  matter  of  the  medium  is  pro|iagated,  for  tlK?  direction 
rf  their  polarity ;  but  always  possessing  such  a  distribution  of 

II  that  the  opposite  aspects  are  in  the  same  state,  and  the 
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intermediate  r^gkxi  or  equator  in  a  oonsecutife  state.  *Hemcij 
one  tetnedron  anuiiiutes  a  polarized  aas%$;  ^  appoiUe 
edges  are  incomecuHve  states ;  and  it  is  to  beremarked^  ikai 
th^  are  im  a  transverse  position. 

It  has  been  remarked,'  that  the  symmetry  of  die 
18  sustained  by  the  angular  attractions  of  the  atoms ;  apd 
according  to  the  principles  already  advanced  (10.),  is  eqm- 
valent  to  asserting,  that  the  ether  is  a  gravitating  mediiim. 
Hence,  the  ether  must  exert  a  pressure  near  the  earth,  and 
100  inches  of  it  must  possess  a  certain  weight.  But  boiir 
shall  we  discover  either  the  one  or  the  other  ?  In  treating 
of  the  halnts  of  the  common  chemical  bodies,  it  was  shewn 
that  every  solid  or  liquid  mass,  in  any  degree  of  a  volntile 
nature,  gives  off  even  its  own  particles  to  constitute  an 
aeriform  atmosphere  around  it, — ^particles  which,  compared 
with  the  ethereal  atoms,  are  heavy,  and  cohere  to  their  pro- 
per masses  generally  by  many  angles.  Now,  all  bodies,  as 
will  be  afterwards  shewn,  in  reference  to  so  great  a  number 
as  to  leave  scarcely  any  doubt  as  to  the  rest,  are  ultimately 
composed  of  ethereal  atoms,  or  may  be  resolved  into  them. 
If,  then,  they  are  able  to  disengage  their  own  heavy  parti- 
cles until  an  atmosphere  of  due  density  be  constituted  around 
them,  doubtless  a  less  effort  will  be  adequate  to  disengage  a 
quantity  of  radiant  matter  from  their  substance,  until  an  at- 
mosphere of  due  density  be  constituted  around  them  alsa 
Thus,  radiant  matter  is  the  common  vapour  qf  matter^  it  can 
be  given  off  with  greater  or  less  ease  from  every  substance ; 
and  the  attempt  to  develope  any  region  from  which  it  is  (nc- 
duded,  except  by  that  region  being  filled  by  dense  matter, 
will,  perhaps,  never  be  successfully  made. 

Judging  from  the  character  of  the  form  of  the  ethereal 
atom,  we  should  infin*,  that  it  rather  belonged  to  the  class  of 
vapours  than  of  permanent  gase5.  When  in  a  quiescent 
state,  it  must  be  more  tense,  rigid  and  fixed,  than  any  other 
medium,  except  that  6f  the  vapourof  iron, afterwards  to  beillus- 
trated.  Its  particles  will  be  m^hanically  displaced  only  with 
great  difficulty.  The  lines  of  polarized  attractions  run  through 


OF  THB  EADIANT  MBBIUIf.  7S 

ifat  whole  volinne,  without  any  antemipcioiit  and  aiv  rcctili. 
bcaL  Every  panicle  is  bound  in  four  equidistant  points. 
Any  otlier  fiMrm  can  roll  aM>re  easily.  The  inertia  of  the 
atoms  is  also  a  mininium ;  and  the  recorery  of  their  poidtion, 
if  any  should  chance  to  be  displaced,  is  OMist  easy.  Any 
sirifnnn  medium  may  be  retained  symmetrically  in  the  octav 
dni  oavities  between  the  atoms,  and  be  blown  from  one 
aavity  to  another,  either  in  a  rectilineal  course  by  the  piea- 
snreef  the  afirial  particles  behind  them,  acting  in  a  angle  diiec- 
tion,  or  in  a  resultant  oourve,  from  the  action  of  two  or  more 
loffcea,  such  as  converging  winds  or  a  stream  of  excitement 
sboi  along  the  ethereal  rays  in  a  certain  direction,  which  being 
lecognised  by  the  particles  of  air  (that  are  ultimately  com- 
poaed  of  ether)  may  act  as  a  repulsive  obstacle,  and  deflect  the 
airial  current,  bending  its  course,  or  causing  it  to  circulate, 
as  the  case  may  be. 

That  which  is  most  prejudicial  to  the  fixedness  and  sym- 
BMtrj  of  the  ethereal  tissue,  is  a  powerful  calorific  excitement, 
which  diminishes  the  attraction,  exhilarates  the  electric  ener- 
gy, and  produces  the  disposition  to  rotate  in  the  medium 
with   which  it  is  interlaced.     Hence  the  imperfection  of  vi- 
■on  through  hot  lamina*  of  air,  such  as  dance  above  hot  sands 
and  soils,  flues,  chaufers,  and  the  like.     Uiil  this  very  flx»i. 
neas  in  the  ether,  indicates  in  it  a  critical  suhnstenci*  as  an 
aeriform  medium,  and  without  the  most  })erfi'<*t  n*p(iM*, — 
without  insulation  from  specitic  Ixnlies,  which  might   rt*act 
upon  it  so  as  to  dispose  it  into  their  forms,— -or,  in  a  strong 
state  of  electric  transmission,  the  ether  might  lie  cxix^titl  to  lie 
easily  condensed  into  the  substance  of  the  bcxiies  contiguous  to 
it,  or  into  those  most  imuiediAtely  arising  out  of  the  union  of  its 
atoms.  But  though  thus  easily  condcnsihle,  its  elasticity  in  the 
aeriform  state  must  be  tlie  most  |)erfcTt  of  all  Ixnlies,  for  its 
symmetry  is  the  most  |)crfec*t,  its  inertia  is  the  least,  and  the 
quantity  of  subtile  matter  in  pniportion  to  that  of  the  atomic 
matter,  is  the  greatest.     In  every  feature^  then,  it  seems  caU 
culated  to  elude  the  detection  of  the  chemist. 
The  radiant  atoms  remain  concealed  wrapt  up  in  pure 
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lighii  4nd  rmi^oBg^  aU  Uiing^  visibly  by  heomning  ^yimhk 
tbem^v^  Tfaqr  canppt  be  pumped  outj^f  jtbe  JBoyJi^an.m- 
cimnif  b^g  geimnited  from,  aU.ib^  mirroiiAduDg  pairtai  i  Nff^. 
tb<^  cloe9  Ihe  :V||puuiii  g(  .Tpnic^ua  in  Asyid^gra^  ^€liido 
them ;  biU  the  phenomena  Qi  Iheir  developioeiit  in  it  are  v^ 
iQtieresting.     -    -  r    :.        c         ;;s 

If  Aiknig  fatrapneter.liibe^be  very  perfectly  &Ued  iWith.mw? 
curjn  e»  by  (boilkig  chejUquk)  metal  in  it,  twluch  cAiwe^iiliiuiv 
vapMir,  .aai  tudb  ioipiirjAie»>  to  escape,  aod  then  ioverted  inift 
cislUxtk^^fUmimtyttit  m  MMwarked*  that  even  though  .tba 
bam.oCitbe  tuba  Jw  very  caMderabie,  aa,  for  inataiic^- half 
amkoA  m\dimiett»$  the  ineieufy  ijenains  filling  the  wbokv 
though  at  be  rtnany  iDche^)  laager  tbaa  the  cc^uma  which  Abe 
^pimmK0.9i  tbe-.ak  ii  ackquate  to  balance^  But  ifaiHne  sqmbi 
strokes  be  given  4o  Ibe  ghi9s,  so  as  to  excite  a  vibratory  laa^ 
tion  in  the  top  of  the  tube,  the  mercury  aepaial^s  .froB2i:|hc 
uibe.tbfiip;  aad^aft^  os^latiogAipward«  and  downwards  for 
iiOMa'.'liioeir  elaetrie  light  .beiog  devakfied  ia  the  re^on  which 
ttie  lUQNQury  lately  oacupied,  it  settles  al:  8B>  .30  or  31  iadka 
£ihova^«l^eit<>f  therflujd  laetal  injtbe.cistenif  as  th^e^i^ 

fik^  kfi.f  lU  lafNv^  a  dii9p  ^*  water  be  any  .how  iniroduoed  ialo 
Uia.'S'omoeUiad'Vapuum,  similar  .pbenomena  are  agam  pio- 
duaad  ;vl^  laiarcury  fitlkf  and,  after  .osdUatiog  tipweixU  and 
downwardly  letUas  at  a  lower  levj^L  If  alcohol  be  subfiequeat* 
ly  iatredaoed,  ibe  same  phenemena  ans  repeated  agam,  and 
the  Goliimn  is  still  farther  depressed ;  aad  ii  a  free.  eaUance 
to- the  air»  or  ihat  medium  wbieh  prosse^  it  up,  be  admiUad  ait 
top,*  ISO  that  die  air  on  both  extreimities  of  4fhe  <x4iima  shaU  be 
of  aquel 'density,  :tbe  mercury  .^ks  to  the  saaie  level  w»|hJW9 
as.wjtbout«r  All  these  phenomena  have  the  .aq>eat  of  beiqg 
perfectly  analogous^  apd  the  depression  seems  in  evejry-iii- 
slaiKe  to  be  occasioned  by  the  preseaoe  of  elastic  matter  ai'» 
doted  in  the  hoUow  of  the  tube  .above  the  mercury,  wbif^i 
laJanrrn  a  part  of  the  pressure  on  the  cistern  without.  Tbi« 
pressure  is  at  all  tinges  the  atmosphere  .and  the  radiant  a9e-> 
dium ;  but  when,  by  the  eoncussion  upon  the  glass,  oppor- 
tunity  is  given  for  radiant  matter  to  be  disengaged  from 
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thr  ncpeury  jmlibe  glafli,  UikcittMic  mcdiiiw  is  gMcrated 
withiiH  tin  its-«laMk  fcne  be  as  gnnt  aa  thai  witlmit,  and 
die  mercHry  «maiii8  mutaiiied  by  the  air  aione  No  other 
phefHMOHMi  thaa  thcae  dwld  be  expected,  if  the  radiaat  ma* 
dinm  exerted  a  presMire  od  the  d^teni,  and  it  does  not  seem 
possible  to  explain  them  otherwise.  The  phenomenon  has 
heen  said  laarise  froos  an  attraetion  bttwaqi  the  glass  and 
tha  ■screurjf •  The  memiry  ia  a  haraaselcr  isi  in  consa- 
qMooe  of  the  asutual  action  of  the  awrcurjr  and  ghus,  Jctpi 
fasloar  tbe  true  level  dtie  to  the  pressure  of  the  air,  which  io- 
dniSBa  an  attraction  bctwoen  them ;  and  the  same  is  pmved 
by  other  efxperianents.  But  even  though  this  were  graiited«-> 
though*  there  were  sueb  an  attraction  between  thela^ 
of  mercury  cont%uous  to  the  glass  and  the  glass,  aa 
anstaia  several  inches  of  the  external  metal,  still,  how 
is  the  oaitral  part  of  the  column  to  be  sustained  by  sueh  a 
?  Has  the  mercury  ceased  to  lie  fluid?  It  is  well 
that  a  cylinder  of  tin,  or  lead,  or  ioe,  may  be  congealed 
OB  die  outside,  and  the  liquid  matter  poured  out  finini  tbe 
;  Whj,  then,  is  the  central  part  of  the  merciarial 
which  is  at  once  singularly  heavy  and  fluid  in  its 
*j  not  poured  out,  though  it  be  completely  inverted  'f 
On  any  other  supposition  than  that  of  an  external  pressure 
which  balances  it,  the  phenomenon  wems  ti>  Im.*  (|uite  inexpti- 
cable ;  but  it  is  just  that  which  we  should  expei*t  from  the 
presaore  of  the  radiant  medium. 

Except  by  the  Torricellian  experiment,  which  seems  satis- 
factory enough,  it  is  difficult  to  see  how  in  any  thing  that 
hss  yet  been  done,  the  prc*ss»re  of  the  radiant  medium  could 
hive  been  detected.  It  is  well  known  that  it  might  exint  to 
■ly  extent  on  our  bodies,  without  producing  any  senicaticin. 
The  pressure  of  the  atmosphere,  indeed,  which  is  of  a  paipaUe 
gross  kind,  has  only  lately  heen  disi*overed  ;  and  this  roe- 
we  have  the  |X)wer  of  excluding  completely  from  oni> 
lide  of  a  surface,  so  as  to  measure  its  prt^ssure  on  thc^  other, 
bat  the  radiant  medium  remains  of  the  same  tension  on  bc^h. 
Frobably  experiments  may  s<K»n  bt»  iliscovercd,  whidi  wil!  Ii-. 


76  OF  l^flE  RADIANT  M£DtUM. 

dicate  its  pressure  pretty  accurately ;  meantime,  its  pressure, 
whatever  it  may  be,  must  not  be  confounded  with  the  weight 
of  a  given  volume,  which  is  nowise  dependent  on  iu  A 
volume  of  hydrogen  gas  exerts  the  same  pressure  as  an  equal 
volume  of  vital  uf,  though  it  weigh  less  than  ^^jth  of  the 
latter. 

'•  In  the  Torricellian  vacuum,  the  radiant  medium  indicates 
its  delicate  constitution;  for,  on  forcing  up  the  mercury 
again,  it  ather  penetrates  the  mercury  which  ascends  through 
it,  is  condensed  into  the  state  in  which  it  was  before  it  a». 
cended,  or  sufllers  an  extreme  compression.  Some  aSriform 
matter  is  left,  however,  for  the  mercury  cannot  again  be  sus- 
tained at  a  higher  level  than  that  determined  by  the  atmos- 
pherical pressure.  That  a  considerable  volume  might  be 
compressed  into  an  invisible  space  (supposing  that  it  could 
sustain  such  compresaon  without  condensation),  may  be  in« 
fierred  from  the  fact,  afterwards  to  be  illustrated,  that  one 
volume  of  air,  if  resolved  into  radiant  matter,  whose  atoms 
were  equally  dense  with  the  particles  of  the  atmosphere, 
would  expand  into  S0.4  volumes.  Supposing  100  inches  of 
air,  then,  to  weigh  SI  grains,  an  equal  volume  of  radiant  mat- 
ter of  the  same  (or  the  common)  density,  would  weigh  1.502 
grains.  We  are  not  to  suppose,  however,  that  this  gives  any 
idea  of  the  weight  of  100  inches  of  its  natural  density  at  the 
surface  of  the  earth,  or  that  in  a  Torriceilimi  vacuum. 

Now,  it  is  evident,  that,  since  the  radiant  is  a  gravitating 
medium,  its  den»ty  must  vary  with  its  proximity  to  the 
heavy  mass  which  solicits  it;  and,  therefore,  it  must  exist 
around  stars  in  a  state  of  intensity  proportional  to  their  masses, 
supposing  its  temperature  uniform.  If,  again,  the  calorific 
excitement  derived  from  proximity  to  such  stars  were  also 
proportional  to  their  masses,  the  attractive  energy  of  the  ra- 
diant atoms,  which  enables  them  to  be  recognized  by  the  heavy 
bodies,  and  to  be  condensed  towards  them,  would  be  dimi* 
nished,  and  the  medium  might  perhaps  remain  of  uniform  den- 
sity throughout ;  the  richness  of  its  properties,  both  as  to 
gravitation  and  heat,  preventing  an  interference  with  the  imi- 
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fismiit  J  of  its  tynmetry,  ai  oomplcCcly  ai  if  it  were  detiitute  of 
bolh.  It  will  be  thewn,  that  a  lunneoiferouft  ray  of  radiant 
heat  has  audi  a  form  a«  that  here  implied,  and  u  coldert  at 
mne  point  between  its  extremities ;  but  we  cannot  diaoorer 
die  efect,  eren  though  it  were  proved  that  the  calorific  ex- 
citement  of  suurs  varied  with  their  nuuaet.  Such  as  are  suf- 
fering ooodenaation,  must,  indeed,  be  in  a  stale  of  intense  heat 
at  the  surface ;  but  it  is  much  more  probable  that  the  radiant 
medium  exists  around  stars  in  a  state  of  density  proportional 
io  their  masses,  or  the  number  of  condensed  radiant  atoms  of 
wUdi  they  consist,  with  such  departures  from  an  exact  pro- 
portion as  differences  in  lieat  may  occasion. 

Bftitita  density  will  not  increase  down  to  their  very  surtaoes. 
Their  atmospheres  being  composed  of  radiant  matter,  and  be- 
isig  more  dense  media,  will  admit  only  a  certain  quantity  to 
heioterlaoed  with  them ;  and  this  quantity  will  be  smaller  the 
dense  the  air  is.  Hence  the  distributioo  of  air  and  i»- 
matter  around  the  world,  or  any  star,  is  in  an  inverse 
,  the  air  is  densest  at  the  level  of  the  sea,  or  solid 
surCsce,  and  rarifies  in  a  geometrical  progression  as  we  ascend, 
till  we  arrive  at  the  top  of  the  atmosphere,  where  it  is  of  a  sym- 
metrical and  uncompressed  structure ;  the  radiant  medium, 

iin«  is  most  dens^e  towards  the  tup  of  the  atmosphere,  be- 
thinner  as  we  de!»cenil,  cUid,  in  the  ubiwnec  of  [xwitivc 
evidence,  and  in  consideration  of  the  hurniony  of  nature,  it  is 
very  reasonable  to  conclude,  that,  as  the  uir  is  at  the  top  of 
the  atmosphere  in  a  state  of  natural  or  uncompressed  density, 
so  the  radiant  medium,  at  the  surface  of  a  star  such  as  the 
cavth,  is  in  the  same  condition. 

Here,  then,  we  have  that  interlacement  oi*  hul)stances  on  the 
great  scale,  which  we  every  where  observe  on  the  small  scale. 
The  earth,  however,  is  but  a  small  star,  and  the  compression 
of  the  radiant  medium  alwve  its  atmosphere  must  be  cou)|)ara- 
tively  inconsiderable.  But,  according  to  the  view  now  sug- 
grated,  tlie  large  planets,  the  sun  and  the  iixed  stars,  must 
have  shells  of  compressed  radiant  matter  around  them.  It 
also  follows,  from  the  principles  which  have  IxxMi  laid  down 
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in  reference  to  the  reaction  of  subtile  matter  (19),  that  dif. 
ferent  aeriform  media^  inf^roportaon  as  their  forms  make 'a 
nearer  approach  to  radiant  matter,  must  exert  a  greater  re^ 
puUon  towarda  it,  or  exelume  power  upon  it.  The  deneiiy 
and  weight  of  the  radiant  atmosphere,  mdiant  matter  inoliuL' 
ed,  along  with  the  Tolume  of  one  gas,  may,  therefore,  bewvy 
difierent  Aom  that  included  along  with  the  vdume  of  anodnr, 
and  bcith'majr  be*  diffiercnt  from  that  without  Henoe  it  ck- 
▼iDUsly^  follows,  that  the  balance  eamot  give  us  the  wcigbt«of 
the  matter  ef  a*  gas  included  in  an  aeriform  volume-  of  che 
same;  but  always  a  resultant  wo^t,  which  oscillates  oa  boib 
ndes  of  the  truth,  aooonfing  as  the  density  of  the  indiided 
radiant  matter  is  greater  or  less  than  that  of  the  esteraal. 
It  will  afterwards  appear,  that  the  atomic  refractMrepowen  of 
the  gases' is  afgood  enough  index  of  the  repukifiax^reHdiustse 
action  upm  the  radiant  medittm ;  and  that  theweights-fooad 
by  the*  btenee  must  be  altered  a  little,  aecording  as  tkeatooHc 
reftaetiTe  power  difiiMfirom  that  of  commco  dr.  Here^  again, 
wt^inay  remark,  in*  passing,  that  as  it  is  with  specific  heat,  «d 
It  is  widi' refractive  power:  hydrogen  and  oxygen  are^at;  op- 
posite  eitrenritiesof  the  tables,  which  is  certaiidy  :very  lui- 
fbrtunate,  considering' how  much  of  the  atomic  philosophy  has 
been  reared  upon  their  specific  gravities.  )..- 

The  rsdiant  matter,  like  all  other  substances,  is  capable  of 
entertaining  three  sorts  of  motions  :— 

1.  That  arising  from  the  polarity  of  its  atoms. 

2.  That  arising  from  the  vibratory  motions  of  its  atomic 
angles.  <-. 

3.  That  arising  from  compression  and  subsequent  dilatation 
depending  on  the  mechanical  elasticity  of  the  mass. 

The  first  of  these  produces  the  glorious  phenomena  of 
light  and  colours,  and  the  movement  of  gross  bodies  im- 
mersed in  the  medium ;  the  second  the  genial  warmth  of  ra- 
diant heat,  and  it  is  well  known  that  the  third,  if  it  prodiKSc 
any  discoverable  effect  at  all,  must  only  give  rise  to  sounsk 
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Light,  in  the  oommon  aeeeptatioa  of  the  tern,  in«u»  that 
hj  which  objeets  are  oMHle  vinble,  md  cburkam  that  by 
wtdch  Tuion  is  picvcnted.    That  the  terma  Light  and  Dark- 
Mafti  b  their  vulgar  sense  (whkh  is  always  to  be  much  re- 
spectod)»  do  not  espms  absolute  states  of  diflbrcnre,  such  as 
ihaa  between  motion  and  rest,  but  merely  isodifiGations  of  the 
suae  afftiCling  our  eyes  diflerently,  fully  appears  from 
thlA  every  species  of  aninud,  aeoording  to  the  organiaa- 
of  its  eye,  has  a  light  and  darkness  of  its  own.    To  the 
eye,  in  iu  best  state,  there  is  light  over  the  face  of 
utie  all  the  hours  while  the  sun  is  above  tlia  borixon,  or 
■Hire  than  18*  below  it.     Prom  this,  periuipB,  the  body  of 
sun  himself  must  be  excepted,  the  disk  of  which,  when 
ailentivdy  viewed  in  its  greatest  splendour,  becomes  dark, 
and  tbe  eye  is  reduced  to  such  a  state,  that,  for  some  tine 
slier,  there  is  darknen  over  every  thing  as  if  it  were  niidnigiit. 
Animals  have  been  divided,  by  naturalists,  into  two  great 
groupa,  according  to  tbe  relation  of  their  ejres  to  light.    Those 
to  which  the  radiant  movements  of  the  day-time  are  most 
suitable,  have  been  immed  diurnal  animals ;  and  those  which 
aee  best  during  the  night  have  been  calleil  crepuscular,  or 
nocturnal.     To  the  latter,  the  excitement  incident  in  their 
eyes  from  Ixxiies  illuminated  by  the  sunlieam,  neeins  to  |)ro- 
duoe  an  inconvenience  somewhat  similar  to  that  which  tlie 
direct  gaze  at  the  huh  does  tu  man.     The  eye,  however,  like 
the  other  senses  of  the  inferior  animals,  has  a  range  of  Junc- 
tions far  greater  thsn  in  us ;  ami  some  animals  seem  to  Ix* 
able  to  distinguish  objects  almost  equally  well  by  day  ami 
night.     There  are  others  again,  more  e^^ix-dally  among  an- 
Bulose  animals  to  whirh  it  seems  to  beconne  very   9|XMxlily 
dark,  and  their  vision  seems  U}  be  coniini*d  to  a  few  hours 
around  mid-day.     In  physics,  then,  there  i»  no  absolute  ditu 
tinction  between  that  state  of  tlic  radiant  medium   which  i.s 
said  to  be  light,  and  that  which  i»  suid  to  Ix*  dorknebs.     The 
terms  light  and  darkness,  involve  the  consideration  of  the  &cn»i- 
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bility  of  the  eye  as  well  as  the  movements  of  the 
atoms. 

The  philosophical  meaning  of  the  term  Light  is  somewhat 
dififenmt;  and  difierent  individuals  use  it  in  different  senses. 
Most  frequendy  it  signifies  the  radiant  medium  as  a  wholes 
in  that  state,  whatev^  it  may  be*  which  produces  vision. 
Huygens  treats  widi  great  precision  of  a  lumeniferous  ether 
composed  of  partides.*  Newton  generally  speaks  of  n^s  of 
light,  whid)  he  describes  as,  in  some  sense,  hard  bodies,  which, 
at  equal  intervals,  are  in  fits  of  easy  reflection  and  easy  trana- 
mission,  whose  two  opposite  sides  are  originally  endued  witk 
a  property  on  which  unusual  refraction  depends,  and  othor 
two  opposite  ades  not  endued  with  that  property.  He  also 
says,  *'  therefore  every  ray  may  be  considered  as  having  four 
sides  or  quarters,  two  of  which,  opposite  to  one  another,  iiw 
cline  the  ray  to  be  refracted  after  the  unusual  manner,  as 
often  as  either  of  them  are  turned  towards  the  coast  of  uiw 
usual  refttiction.'^  While  he  n^Iects  the  doctrine  of  nnanar 
tion,  his  description  of  the  structure  of  light  is  exactly  that 
of  a  medium  composed  of  particles,  (as  will  be  shewn)  similar 
to  that  here  advanced. 

Light,  according  to  the  sen^e  in  which  it  is  used  in  tlMt 
work,  signifies  the  subtile  matter  emanating  frum  the  facets, 
and  all  but  the  angles  of  the  radiant  atoms,  and  investing 
each  as  a  repulsive  sphere.  In  a  state  of  unexcited  repoae, 
this  fluid  pnxluces  absolute  darkness ;  in  a  state  of  polarised 
activity^  it  pnxlucea  vision.  To  bring  light  out  of  darkness, 
then,  it  is  only  necessary  to  exdte  the  subtile  matter  invest- 
ing the  radiant  atoms ;  and  to  produce  vision,  it  is  only  ne- 
cessary to  provide  an  eye  that  may  be  excited  too^  and  a 
sentient  principle  on  which  the  excitement  of  the  eye  may 
react.  An  atom  of  light  can  mean  nothing  else  than  a 
radiant  atom ;  but  the  light  of  a  radiant  atom  is  the  subtile, 
repulsive,  or  electric  fluid  that  invests  it,  as  the  gravity  of 
an  atom  is  the  subtile  attractive  fluid  covering  its  angles. 

A  lumeniferous  atom  is  a  railiant  atom,  in  a  stale  of  in- 

•  Opora  Reliqua.  voi.  i.  p  U.  f  Oplicks,  Qu.  26. 


OF  LIGHT.  81 

diMBd  pobricy.    A  ray  of  Kght  it  a  teries  of  atoms,  ^^^K 
which  the  inductioa  takes  place ;  and  a  pencil  of  light  ia  a 
fiudcitiua  of  such  rays.     A  single  ray  of  light  (Fig.  S4)  oon- 
ssls  of  a  Mngle  series  of  lumeniferous  atoms ;  and  a  pendl, 
coapoaed  of  single  rays  in  a  fiarallpl  pmnticMi,  (that  is,  with 
their  edges,  which  are  in  the  Mune  plane,  parallel,)  may  he 
csUad  a  singled  pencil,  or,  when  it  is  ol' great  bn*adth,  simply 
snglcd  light.     A  perfect  ray  of  light  (Fig.  28)  oousiits  of  four 
■ngie  rays  in  a  transverse  position  two  and  two,  as  has  been 
ilraady  explained.   A  pencil  ot*  such  is  a  pencil  of  perfect  light. 
An  octonate  molecule  of  atoms,  in  a  state  of  lumeniferous 
eidteineiit,  is  a  perfect  molecule  of  light ;  and  n  perfect  ray 
IB  oomposed  of  sudi.      A  single  ray  is,  in  like  nunner,  com- 
posed  of  molecules,  each  conjititutccl  of  two  atoms.     The 
half  of  any  of  these,  or  the  distance  between  the  {lolar  aspect 
ad  the  equator,  which  implieii  the  quantity  fxiiwesHing  oon- 
ncwtive  polarities,  one  molecule  heing  considered  by  itself,  is 
s  polarized  axis,  which  may  he  called  a  chromatic  axin  of  the 
least  dimensions,  and  involves  only  one  atom  between  pole 
ad  pole.    Two  successive  molecules  in  a  ray  are  always  in  op- 
posite movements,  and  polarized  states,  at  the  same  time ;  and 
die  space  by  which  they  separate  the  two  moleiiiU'H  included, 
may  be  called  an  interval.     Such  a  lamma,  then,  in  the  ex- 
cited radiant  medium,  is  analogous  to  a  thin  di>k  with  con- 
Hcative  electricities  on  its  opfNisite  ai(ie5,  and  it  incliidcs  in 
ii5  bmKlth  two  molecules  and  four  chromatic  axes. 
As  mil  groffl  or  sensible  bodies  are  coniposinl  of  radiant 
it  follows  that  all    material  IxMiies  fcontain  light  in 
;  which  nuiKt,  of  course*,  be  subject  to  excitement  by 
the  diasiniilarity  of  the  state  of  the  contiguous  radiant  nie<liuin, 
or  otherwise.     Consequently,  all  ImkUcs  are  capable  of  being 
illuminated ;  and,  in  some  state  of  aggn'gation  or  other,  it 
nay  be  expected  that  all   Ixxlies  niay  l>eeonie  visible,  pro- 
vided their  mass  lie  considerable. 

Since  atoms  and  molecules  of  light  are  passive  as  to  either 
polarity,  and  will  be  negative  or  |x)sitive,  according  as  the  con- 
tigoous  molecules  which  excite  them  are  positive  or  negative,  it 
kSowM  that  the  radiant  medium  is  the  most  perfect  conductor 
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of  ]i^^  or  impeoiferou^  excitement  bet,weea  hoditm  mt^maaihar 
states,  that  <w&  be.  coDoeived ;  and  that^  in^  p^^ipagf  tipg  )igbi 
between  dissimilar  bodies  only  can  its  lumeoiferoua  f^xcMte- 
nient  be  sustained  to  any  very  great  distaooe.  For  a  eeiies 
of  shells  of  radiant  atoms  surrounding  any  luminoua  body^  if 
there  be  no  dark  body  ]i»  the  medium  to  receive  tbeir  exate- 
i^ent,  and  render  them  fit  for  a  new  change,  will  vepd  e^iefa 
<4ber,  and  each  molecule  will  become  insulated  from  anotliery 
so  that  the  propagation  of  the  excitement  from  the  lufpiooKw 
body  wiU  be  arrested*  and  the  surrounding  medium  tbroum 
into  a  state  of  tension  and  rest  A  luminous  body  is  one 
wbicb,  in  consequence  of  some  peculiarity  in  its  atryctUiet 
sustains  its  light  in  an  excited  state.  A  dark  body  ia  fde 
whose  light  is  in  a  state  of  neutralization  and  repoaet.  pr.ita 
polarity  too  weak  to  give  rise  to  rays  of  light  towards  audi 
as  are  darker.  It  is  illuminated,  when,  by  induction  of  ibe 
contiguous  medium,  the  light  of  the  superficial  stratum  ia^dia- 
posed  into  a  state  of  free  polarity  ;  and  it  is  visible,  when  4ke 
lumeniferous  excitement  has  been  propagated  from  it  lo  iha 
eye. 

OF  THE  PHENOMENA  OF  EXTERNAL  VISION.      ' 

It  is  abundantly  proved  by  observation,  that,  when  a  lu« 
minous  body  is  brought  into  the  presence  of  such  as  aae 
dark,  they  speedily  become  illuminated  and  visible.  If  the 
space  between  the  luminous  and  dark  bodies  be  not  Moae 
than  200,000  miles,  the  illumioation  takes  place  in  less  than 
one  second,  or  the  time  occupied  in  one  oscillative  movement 
of  a  pendulum  about  S9«1S9  English,  inches  long  ;>  and  for  as 
many  spaces  as  there  are  of  this  extent  between  the  lumintnM 
and  the  dark  body,  the  times  of  so  many  movements  of  tbe 
pendulum  must  be  allowed  befixte  the  lumeniferous  excita- 
ment  extend  from  the  one  to  the  other.  Thus,  H  the  Sun 
be  distant  95,000,000  miles  from  the  Earth,  the  eoKcitenwnt 
to  which  he  now  ^ves  birth  in  the  radiant  atoms  most  coo- 
tigaous  to  his  photosphere,  requires  about  eight>  minaiaa 
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to  be  pnipigBted  tlnough  so  great  a  fittaoee,  andm  the 
eve  of  the  fixed  rtan,  months  end  years  must  be  requiied ; 
akhougfa.  Eke  all  other  motions  depending  oo  polariaed  subtile 
matter,  it  pursues  the  shortest  possibie  courw  between  the 
ho^et  in  dissimilaf  states. 

'  If  a  raj  of  matter,  perfectly  hard  and  unehtttic,  extended 
flan  the  sun  to  the  earth,  a  movement  towards  the  earth  of 
the  extremity  at  the  sim  would  be  simultaneously  made  at 
the  earth ;  because  a  body  perfectly  hard  cannot  yidd  m  its 
fhafanm^  and  if  one  end  moved  while  the  other  remamed 
at  rest,  it  must  needs  be  ytelding.  But  there  is  no  mdi 
ttingin  nature  as  a  body  perfectly  hard  and  unyielding. 
Tlie  moat  rapid  transmission  of  motion  with  which  we  are 
aequaiiited,  is  in  those  media  whose  structure  is  most  symme> 
liical,  and  the  inertia  of  their  particles  the  least     There 

endendy  two  kinds  of  transmission,  however,— a  poiariied 
n  mechamcal,  and  the  former  surpasses  the  latter  very 

m  Telocity.  The  velocity  of  light  is  approximated  by 
■othing  besides,  that  can  be  observed ;  and  it  may  be  useful 
to  have  a  dear  idea  of  the  mode  of  its  propagation.  Sup- 
poae,  first,  that  there  is  a  small  luminous  body,  around 
wfaidi  the  radiant  medium  exists  in  a  state  of  quiescence,— 
that  is,  neither  compressed,  nor  in  a  state  of  p)lnrized  excite- 
ment. The  instant  that  the  bodv  becomes  luminous,  the  shell 
of  radiant  atoms  most  contiguous  is  attracted,  in  virtue  of  di»- 
■milarity  of  state.  If  the  surface  of  the  body  is  in  such  a 
conditioo  as  to  invite  to  cohesion,  the  radiant  atoms  may  be 
added  to  its  substance,  become  luminous,  attract  the  next 
dieU,  and  thus  the  mass  of  the  Ixxly  may  increase.  But  this 
would  reach  a  crisis,  for  there  would  soon  l)e  a  ctxiting  of 
which  would  repel  others  (being  of  their  own  kind) 
having  illuminated  them,  and  the  increment  of  the  mass 
would  be  arrested.  One  shell,  then,  being  illuminateil  and 
i^qieUed,  must  act  the  part  of  a  luminous  Ixxly,  and  illumi- 
osle  the  next  shell,  which  will  first  contract  to  meet  it,  then 
expand  to  recede  from  it.  The  innermost  shell  having  receiv- 
ed a  fresh  charge  from  the  luminous  nucleus,  will  charge 
sgain  the  second,  which  had  become  dissimilar,  having  u\\- 
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parted  ita  charge  to  the  third.  But,  in  this  ttale  of  thinga^ 
the  whole  mechaiiisin  is  quite  analogous  U>  a  Leyden  jar.  ■  JPo* 
larity  IS  induced  to  a  certain  extent  i  but,  unless  the  mediu^i 
be  relieved  of  its  chaifpe,  the  transmission  ceases ;  all  things 
remain  in  a  state  of  tension,  and  the  radiant  shells  are  insu^ 
lated  from  eadi  other.  The  illumination  is  propaga^  to  a 
greater  or  less  distance,  according  to  the  intensity  of  the 
central  body^s  luminousness ;  but  it  is  like  a  heart  that  is  thidi>. 
bing.  To  sustain  a  regular  systole  and  diastole,  and  tranaail 
the  aubtile  excitement  to  very  remote  parts,  it  is  ncooaaary 
that  there  be  some  dark  body  to  form  the  base  of  the  n^^ 
whidi,  by  its  constant  tendency  to  a  state  of  quiescence  asd 
darkness,  has  a  constant  faculty  of  neutralizing  the  contigupw . 
radiant  atoms,  and  thus  of  sustaining  the  lumeniferous  xi^ 
that  impinge  on  it.  ,.  r 

But  are  lumeniferous  rays  shot  out  at  random  from  luniir 
nous  bodies,  if  haply  they  may  chance  to  alight  upon  a  daifi|^ 
body,  and  benefit  it  by  their  illumination  ?  Whpn  a  mcdcculeat 
one  extremity  of  a  ray  of  light,  lying  contiguous  to  a  lumiaQmi 
body,  and  between  it  and  a  dark  body,  moves  towards  tha 
luminous  body  lit  up  that  instant,  it  is  removed  from  the  nfo^ 
molecule.  Now,  the  dark  body,  being  in  a  similar  state  to 
that  extremity  of  the  radiant  prism  contiguous  to  it,  must  eaurt 
a  repulsion  upon  it ;  but  that  extremity  may  move  away  ;  for 
there  is  no  resistance  in  that  direction,  in  consequence  of  tba 
movement  of  the  molecule  of  the  end  next  the  luminous  body 
towards  the  luminous  body, — the  dark  extremity  will  theraffDCip 
be  repelled  in  the  direction  of  the  luminous  body  ;  hence,  it  ap- 
pears, that  both  the  luminous  and  dark  body  conspire  to  oaua^ 
a  ray  to  strike  between  them.  But  without  urging  this  illustcf^ 
tion,  which  of  course  involves  the  idea  of  mechanical  resistance 
in  the  medium  in  a  state  of  excitement,  it  may  be  remarked 
that  the  case  is  perfectly  analogous  to  that  of  a  body  rendei^ 
luminous  by  electricity.  Let  a  point  be  electrified  positively^ 
a  pencil  of  electricity  streams  up  symmetrically  through  the 
radiant,  each  ray  of  electricity  giving  rise  to  lateral  or  second* 
ary  rays,  which  can  only  be  of  light,  and  which  therefore 
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ihe  ckelric  pcDcU  niible.  WhUe  no  bodjr  in  a  dii* 
■tnte  »  nnr,  the  mdiation  is  equal  on  all  iHlet ;  but 
a  ball  of  metal  held  in  the  hand,  or  the  hand  itaeU;  or 
lay  hod  J  diwimilariy  cketiical,  is  brought  near,  the  eleoiric 
laje  atrike  between  diem  to  a  greater  distanoe,  the  sjrmme- 
tty^  the  laf&tkm  ie dcttrojrcd,  and  an  esxsew  takee  the  di- 
cMko  of  the  diMimileriy  dectrified  body. 

Fnom  this  view,  it  follows,  that  luminous  bodies  shall  be 
■see  or  lem  bright,  aooording  to  the  nature  and  number  of 
the  bodies  wlucfa  surround  them ;  and  does  not  a  candle  bom 
mope  brightly  in  a  white  room  than  in  a  black  one,  which 
csHrtaotly  leUeres  it  of  all  its  excitement  as  fast  as  it  takes 
phee,  while  the  white  one  sustains  its  lumeniferous  excitement 
in  a  stale  of  greater  tension  ?  Is  not  a  white  body  in  the 
locus  of  a  concave  mirror  rendered  less  bright  by  the  in- 
tradoction  of  a  black  one  into  the  conjugate  focus,  which 
its  excitement,  and  diminishes  the  tension  to  which 
the  intensity  of  those  rays  that  enter  the  eye,  and 
its  state  as  to  light  ?  In  a  word,  would  not  the  sun 
fiur  more  subject  to  dark  spots  in  his  equatorial  re- 
than  he  is  aow,  if  the  number  of  planets  in  the  region 
of  space,  corresponding  to  his  equatorial  regions  and  do- 
msading  his  light,  were  greater  than  it  is  now  P 

The  quantity  of  illumination,  then,  propagated  l)etwcen  a 
hmunous  and  an  iUumiuated  body«  depends  upon  the  quan- 
tity by  which  they  are  positive  and  negative,  in  refiTcnce  to 
the  condition  of  their  light  The  illuminating  power  of  that 
vkseh  may  be  called  positive,  in  rcfercnee  to  the  darker,  va- 
at  dilTerent  distances  inverk^ly  as  the  8(]uare  of  the  dis- 
(supposing  the  temperature  of  the  ray  not  to  vary)  ; 
the  number  of  the  illuminated  rays  incident  upon 
the  sane  area  varies  in  this  proportion.  But,  between  the 
mmt  luminous  body  and  dissimilar  bodies  illuminated  by  ft, 
the  hinieDiferous  action  propagated  in  the  diffierent  directions 
does  not  fall  away  as  the  square  of  the  distance  increases. 
One  of  the  bodies,  though  at  a  greater  distance,  may  be 
strongly  flluminated  than  another,  in  consequence  of 
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its  <:ondlit]oii  giving  riae  to  a  move  powerftil  re«edon  between 
them.  lfow«  this  rejection  OMist  be  moit  powerful  mhum 
iheir  substanoe  is  most  nearlj  the  dame,  and  their  8tatet  as 
to  liUBeoiferottS  excitement  rvasL  ^ffereOL  Large  pUm^a, 
ibm^  will  be  laope  powerfully  illumiflAted  by  the  tun  tbrnn 
small  ones,  other  thuigs  being  the  tame ;  because  the  radiant 
medium  around  then  is  in  a  condensed  state,  and  this  being  m 
sunalar  substanoe  to  the  medium  through  which  the  polarity  is 
transmitted,  the  mutual  reaction  of  the  two  subtile  mattera 
proper  to  each  must  be  proportionally  greater.  Though 
the  Sun,  then,  be  nearly  twenty  times  as  distant  from  the 
planet  Harschell  as  from  the  Earth,  we  are  not  to  oondnde, 
that  the  illuminating  power  of  the  sun  at  this  star  is  only 
^iffth  part  of  what  it  is  at  tlie  earth.  Were  this  the  case, 
it  is  inconceivable  that  he  could  be  visible  to  us.  A  stream 
of  solar  light  will  be  shot  out  towards  him  and  his  satellites, 
of  far  greater  intensity  than  that  which  the  earth  receives. 
Though  the  angular  magnitude  of  the  sun,  as  seen  in  the 
sky,  be  no  larger  than  the  planet  Venus  to  us,  it  may  irra- 
diate his  canopy  with  a  brightness  no  less  than  ours.  That 
be  is  not  intrinsically  luminous,  follows  from  the  phenomena 
of  his  satellites  ;  and  to  demand  that  we  should  believe,  that 
the  illuminating  power  of  the  sun  at  his  body  is  four  huft- 
dred  times  lem  than  at  the  earth,  notwithstanding  which  he 
is  visible,  and  of  a  clear  white  colour,  is  to  ask  something  that 
is  very  incredible. 

Such  are  the  most  remarkable  phenomena  of  the  radiation 
of  light  between  the  two  extremities  of  a  straight  ray.  Bat 
if  the  density  of  the  radiant  be  increased  by  the  gravitation  of 
the  star  which  it  surrounds,  so  that  it  is  in  a  compressed  state, 
that  must  be  a  region  of  undulation  as  well  as  radiation.  No 
doubt  radiation  is  that  action  which  polarized  atoms,  such  as 
those  of  the  medium  of  light,  must  be  disposed  to  produce ;  for 
such  polarized  excitement  must  naturally  be  propagated  in  a 
straight  line,  from  one  edge  to  the  next  paralld  edge,  and  so 
on,  in  the  most  exquisitely  rectilineal  manner,  and  as  if  there 
were  nothing  present  besides,  but  the  line  of  polarized  atoms. 
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Bat  mhwL  thit  tmUmki  ib  m  a  coiprc«ed  tad  dentc  tUHe,  l» 
mim  priiwy  imys»  the  imtitiMion  of  Ictetml  niyt>  md  obUqiit 
puhiititfa,  m  higUy  probable.  There  nutt  be  a  movenwfit  of 
dw  whole  AeO,  of  which,  one  part  is  nMyred  by  polarity  ;  far 
At  whole  viediuiD  it,  as  it  were,  one  aolid  body,  ail  ita  paru 
cBapoawl  to  atieCch  and  occupy  the  positioiifi  tit  the 

The  rays  of  light  then  leaving  the  Sun^s  mirflioe, 
by  analogy,  we  may  suppoae  the  radiant  to  be  as  dense 
aa  it  is  in  space,  or  at  the  earth's  surface,  are  interrupted  at 
the  top  of  his  atmosphere  by  a  shell  of  compressed  atoms,  a 
ragioo  wb<»e  morements  must  be  thooe  of  undulation,  not 
of  radiatioD.  By-and-by,  they  escape  through  this  regkNi, 
aad  radiation  is  instituted  again,  and  continued  to  the  phuieta. 
Now,  what  would  such  a  shell  of  undulating  light  be,  but 
that  glorious  photosphere  that  surrounds  him  ?  And  to  what 
pbeoocneiia  would  such  a  mechanism  give  rise,  but  those  very 

in  all  their  details,  which  Sir  William  Herschell 

?  According  to  this  view,  his  photosphere  consists 
of  matter  in  the  fittest  of  all  possible  states  for  a  permanent 
and  imfading  lumioousness. 

But  of  all  the  bodies  of  our  system,  is  the  sun  only  pm*> 
vided  with  a  photosphere  ?  And  what  is  the*  requiMte  mass 
which  a  star  must  po^se^  before  it  Ix'comes  thus  invested  ? 
That  the  planet  Mercury  has  none,  is  evident  fnmi  the 
mountains  of  his  disk  being  seen.  The  Moon,  whie)i  is  still 
less  than  he,  is  evidently  equally  naked.  Next  to  these  pla- 
nets in  smallness,  is  Mars,  and  though  the  phenomena  present- 
ed by  the  illumination  of  his  disk  be  very  interesting,  yet 
there  is  no  evidence  that  he  possesst*s  a  shell  of  undulating 
atoms  around  him.  On  the  otluT  hand,  the  rednt*ss  of  his  co- 
lour indicates  that  we  see  his  atmosphere,  the  ^reat  extension 
of  which,  no  lesfi  than  the  smallness  of  his  cavitation,  would  Ixj 
adverse  to  the  compression  of  the  radiant  medium  around  him. 
We  cannot  examine  the  asiK'ct  of  the  Karth,  viewcxi  as  a  star ; 
but  we  can  view  Venus,  which  being  nearly  of  the  same  size, 
must  be  nearly  in  the  same  condition,  as  to  the  compression 
of  the  radiant  around  her ;  but,  from  her  greater  proximity  to 
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the  sun,  her  lumeniferous  excitement  must  be  more  powerful* 
Now,  astronomers  generally  assume,  that  she  possesses  a  faint- 
ly illuminated  region  above  her  surface,  and  a  crepusculum 
stretching  into  the  dark  region.   Thus,  her  oondiliun,in  refe- 
rence to  the  quantity  of  radiant  matter  above  her  atmosphero, 
like  the  quantity  beneath  her  atmosphere,  seems  to  be  much  the 
same  as  that  of  the  earth.     But  neither  the  one  nor  the  cytber 
afibrds  unequivocal  evidence  that  there  is  a  region  of  atomic 
undulation  above  them,  though  they  seem  to  indicate  traees 
of  sudi  a  state  of  things.     The  other  planets,  Jupiter,  Satum, 
and  Herschell,  are  so  much  larger  than  the  Earth,  or  VenoSf 
that  these  views  would  induce  us  to  believe  that  they  all  were 
invested  with  a  canopy  of  undulating  atoms,  which,  on  the 
side  turned  to  the  sun,  would  be  a  photosphere,  rendering 
the  whole  of  their  sky  radiant  on  that  side ;  and  thus  illumi- 
nating the  diurnal  hemisphere,  while  the  nocturnal,  as  is  well 
known,  besides  a  considerable  extension  of  the  photosphere, 
giving  rise  to  a  great  crepusculum,  is  illuminated  by  a  num- 
ber of  satellites. 

Such  a  state  of  things,  respecting  the  intensity  of  solar  11- 
Jiimination  of  the  different  planets,  seems  to  follow, 'of  nitti^ 
aty,  from  thdr  known  gravitation,  and  it  relieves  astronotfiy 
of  a  very  unnatural  deduction,  as  to  the  density  of  the  matter 
of  these  stars.  It  is  rather  incredible,  that  the  central  parts  of 
Jupiter  and  Satum  should  be  compressed  by  a  column  of 
planetary  matter,  thousands  of  miles  long,  and  yet  not  be 
condensed,  as  we  find  that  terrestrial  matter  is  by  a  compara^ 
tively  very  small  weight.  Indeed,  we  cannot  form  any  rea- 
sonable conjecture  as  to  the  state  of  the  matter  of  these  pla- 
nets,  if  it  be,  as  astronomers  have  calculated,  such  that  it  would 
not  readily  sink  in  water.  If,  agun,  we  suppose  that  it  is 
the  photospheres  of  these  planets  whose  angular  magnitude 
has  been  measured  while  the  nucleus  remains  unseen  by  us 
and  of  unknown  extent,  we  may  suppose  that  there  are  crys- 
talline bodies  there,  composed  of  the  same  earths  as  in  this 
world,  and  that  the  general  state  of  things  is  analogous.  As 
,to  their  temperature,  some  remarks  may  be  made  afterwards. 
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W«  kmm  that  the  tun  has  a  phoUMphtR,  and  hu  daMity 
averiiead  ia  acaroely  more  than  that  of  water,  Mimmiag  that, 
acDOiding  to  the  experimeDts  of  Maskdioe  and  Caiiiiu,  that  of 
the  Earth  is  about  the  aame  as  heavy-apar,  but  the  density  of 
Us  nudleus  must  be  greater.  It  was  kxig  supposed  that  there 
was  •  certain  degradatioo  in  the  density  of  the  planets,  as 
we  raeede  from  the  sun ;  and,  indeed,  the  matter  ot  the  re- 
planets  may  be  in  a  highly  expanded  state;  but  it 
that  there  is  no  law  that  would  induce  us  to  infer 
that  the  density  calculated  from  their  gravitation,  and  the 
■yiitude  of  their  disks,  is  their  true  density.  Certain  it  is, 
that  this  unaooountable  lightness  of  substance  is  confined  to 
tboae  on  which  mountains  have  never  been  teen,  and  whose 
dirirs  seem  to  be  covered  with  fluid  matter,  in  different  states 
at  illumination,  at  different  times. 

But  another  explanation  of  their  specific  lightness  might 
be  given,  on  the  supposition  that  the  matter  occupying  their 
central  regions  was  in  a  state  of  absolute  solidity,  and  not 
penetrated  by  polarity.  In  this  case,  it  could  have  no  weight. 
The  only  way  in  which  the  central  parts  of  a  planet  can  con« 
iiibttte  to  its  weight,  is  by  their  being  in  the  state  of  atoms, 
or  matter  endowed  with  attraction.  Whatever  view  of  this 
matter  be  adopted,  however,  tlie  argument  for  their  plioto- 
ipheres  remains  equally  good.  Being  interlaced  witli  their  at- 
mospheres, this  undulating  shell  will  revolve  along  with  thim. 

According  to  this  view,  during  our  ignorance  of  the  spe- 
cific nature  of  the  natural  substances  of  which  their  super- 
fidal  parts  consist,  we  shall  obtain  an  expression  for  tlie  sun^s 
illurainating  power  at  these  planets,  identical  with  that  which 
expresses  the  action  of  his  grautation  upon  them.  For  the 
amount  of  their  photospheres  is  proportional  to  their  masses, 
and  the  illuminating  force  of  tlic  sun  at  them  decreases, 
like  his  gravitation,  inversely  as  tlie  square  of  the  distance ; 
and,  therefore,  the  amount  of  solar  iilununation  diffused  over 
the  face  of  creation  upon  them,  like  that  of  the  stability  by 
whic^  all  things  are  retained  in  position  there,  is  expressed  thus, 

wn     '    A'  ^  mass 

square  of  the  diHance, 
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But  to  return  to  tlie  nsdimit  mediuiii  Around  us,  it  may  be 
lemsrked^  that  this  is  erid^itlj  a  region  of  radtati(»i,  not  of 
undulation.  Lumenif^yMis  excitement  is  not  propagafted  in- 
to dmdowB,  except  as  aeoondary  rays  to  the  pencils  which  pass 
the  edge  of  intercepting  bodies,  but  peneveres  itf  straight 
lines,  while  the  medium  remains  uniform,  and  while  no  inter-. 
fSerenoe  takes  place  with  other  rays  in  an  opposite  movement 

It  follows,  that  in  many  cases  of  the  transmission  of  l^t, 
such  an  interference  must  occur,  and  a  change  upon  the  dub- 
racter  of  the  light  or  darkness  must  be  produced.  Suppose 
two  rays  of  light,  whose  molecules  are  moving  through  equal 
spaces,  to  be  inclined  to  eadi  other,  so  that  they  ultimately 
coincide  or  intersect  each  other.  The  radiant  atoms  which 
lie  in  the  point  of  intersection,  and  are  common  to  both, 
can  only  propagate  the  lumeniferous  excitement  transmit^ 
ted  along  either,  when  they  are  not  solicited  to  opposite  pola- 
rities, or  in  opposite  directions,  and  with  equal  force  by  the 
two  rays,  at  the  same  instant.  If  the  lengths  of  the  two  rays 
be  equal,  both  will  conspire  to  illuminate  the  common  part 
with  double  intensity.  The  number  of  molecules  in  both  rays 
bdng  the  same,  the  time  occupied  in  the  movement  of  both 
the  same,  and  the  movement  of  the  first,  or  those  most  conti- 
guous to  the  radiant  point  being  at  the  same  instant,  the 
two  molecules  in  the  two  rays  contiguous  to  that  which  is 
common,  are  incident  towards  it  at  the  same  instant,  and  with 
the  same  polarity,  and,  consequendy,  excite  it  to  a  higher 
degree  of  illumination  than  if  one  only  had  been  incident.  If 
one  of  the  rays  contain  one  molecule  more  than  the  other,  then 
the  next  which  is  common  is  solicited  to  opposite  polarities, 
and,  consequently,  to  oppo«te  motions  at  the  same  instant, 
and  the  rays  neutralize  each  other,  and  darkness  ensues.  If, 
again,  one  ray  contain  two  molecules  more  than  the  other, 
the  success  is  the  same  as  at  first,  when  the  number  was  equal, 
for  the  common  molecule  is  affected  by  the  same  polarity  in 
both,  and  solicited  to  the  same  movement.  Thus,  two  rays, 
consisting  either  both  of  an  even,  or  both  of  an  odd  number 
of  molecules,  do  not  interfere  with  each  other ;  but  two  rays 
consisting  one  of  an  even,  and  the  other  of  an  odd  number,  do 
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Lei  A  nd  B  (¥% .  S5.)  be  two  n^  tMiring  m  oom- 
aq^dblMt  fran  both  tbeM  points,  and  Cam. 
cwmn  to  bofth.   While  the  naniber  of  moie- 
of  bodi  rajra  k  even,  by  ammendiig  with  the  Mine  po. 
lantf  as-f,  k  willatwajra  befeund  that  the  eommon  pait,  ex- 
paaed  io  mdnttiaa  fm  both  rayt,  in  approached  by  two 
aaokeales  in  the  wmme  state,  and  therefore  has  its  polarity  ex- 
Let  D  and  E  m^m  be  two  rajrs,  whieh  meet  in  the 
inalecule  F,  one  of  them  consisting  of  an  odd,  and 
iha  ether  of  an  e^cn  muiiber  of  awieculcs,  it  is  evident,  in 
anner,  that  the  ooounao  molecule  is  exposed  to  oonse- 
polarities  at  the  same  instant,  and  remains  quiescent. 
U^  then,  two  rays,  having  a  common  «>rigin,  and  converging  at 
M  ansmD  angle,  coincide  at  a  surfisec  capable  of  being  illnmi. 
such  as  a  caid ;  and  if  we  conceive  the  directions  of 
rajrs,  while  they  always  continue  coincident  at  the  sar- 
of  the  card,  to  be  altered,  so  that  they  move  along  ftom 
tfe  point  where  both  the  rays  emanadng  from  the  radiant 
point  are  equal,-^n  their  progress,  they  will  trace  on  the 
card  m  series  of  bright  and  dark  fringes,  bright  when  both 
nqrs  contain  either  an  even  or  an  odd  number  of  molecules, 
or  when  the  common  difference  is  two ;  and  dark  as  often  as 
oae  contains  an  even  and  the  other  nn  odd  niimlx^r  of  mole- 
cules, or  when  the  common  difTerence  is  oni*,  or  lialf  ihat  in 
die  former  caisc. 

That  IS,  when  the  difference  in  the  length  of  two  rays  \%  an 
interval,  (p.  81.),  they  conspire  to  produce  bri^ter  illumina^ 
tioo  at  the  radiant  molecule  <»-hich  is  common ;  when  the  dif- 
iierenoe  is  half  an  interval,  the}'  counteract  each  other,  and 
produce  darkness. 

Such  is  the  law  of  interference,  deduced  from  the  view 
of  radiant  movement»  here  advanced ;  and  it  obviously  cor- 
fcsponds  with  the  law  </ Dr  Young,  in  which  the  interference 
is  supposed  to  be  a  mechanical  effect,  pnxluced  by  the  mcet- 
of  waves  in  opposite  movements,  the  individuahty  and 
ilation  of  which,  at  other  times,  it  i^,  however,  impossi- 
ble to  conceive. 
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A  conrideratioii  of  much  importance  iiow  boeun.     'Ate  the 
pulsatioiis  of  the  radiant  molecules,  or  their  oedllations  oil ' 
both  ^es  of  the  position  of  repose,  alwajrs  of  the  sttne  ampIP 
tude,  and  executed  in  the  same  time,  or  are  they  dificMBl' 
in  diflPerent  drcumstances  ?    To  preserve  diem  unifisrm,'  ft* 
would  be  necessary  that  they  always  transmitted  the  mlat 
amount  of  polarised  excitement ;  for  in  proportion  as  the  pCK 
larity  becomes  stronger,  the  tensaon  of  the  ray  and  the  fbiW^ 
of  induction  must  both  increase,  and  the  latter  may  occasioik^ 
movements  through  larger  spaces ;  though  these  spaces,  if  daft 
nature  of  the  moving  force  remain  the  same,  may  be 
through  in  the  same  time.  We  will  not  hesitate,  then,  for  a 
ment  to  conclude,  that  different  rays  are  in  cBfferent  states^of 
movement  and  tension,  those  molecules  which  move  through 
the  largest  spaces  constituting  the  most  tense  rays.  fiutthepnK 
pagation  of  light  from  one  body  to  another,  is  a  phenomenon 
exactly  analogous  to  that  of  chemical  union.  There  is  nothmg 
vicJent  or  mechanical  in  it ;  we  may,  therefore,  trust  that  the 
light  excited  at  the  same  body,  in  the  same  circumstances,  will 
be  always  of  the  same  nature,  or  give  rise  to  an  isochronoiia 
radiant  excitement.   Further,  the  condition  or  quality  of  the 
light  proper  to  different  chemical  substances,  cannot  be  always, 
the  same;  but  like  their  subtile  matter,  as  exhilnted  in  aggrqrab 
cation  and  electricity,  it  must  receive  a  certain  specific  modifi- 
tion.     Therefore,  substances  every  way  similarly  constituted, 
will  propagate  constitutionally  the  same  sort  of  light,  while 
that  will  be  different  from  dissimilar  substances, — some  ynR 
give  light  more  highly  positive, — some  more  highly  negative^ 
— some  a  greater  quantity,  others  a  less  quantity, — and  die 
differences  between  bodies  in  these  respects  will  be  as  perma- 
nent as  the  other  features  in  their  chemical  constitution  gene- 
rally, supposing  that  the  medium  which  is  to  conduct  their 
light  to  the  eye  is  always  in  the  same  condition.     Now,  what 
effect  upon  our  eye  will  this  variety  produce  ?     We  can  ob- 
serve two  changes  in  the  light  emanating  firom  bodies ;  one 
indicating  brightness  or  intensity  of  illumination,  the  other  in- 
dicating oolours.     All  the  phenomena  connected  with  bright^ 
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intimate  that  iti  degree  chiefly  depeDds  upoQ  the  miau 
hv  of  excited  cays  pcopagated  from  the  object  conudened, 
and  not  upoo  a  differeooe  in  quality  in  the  light  By  dimL 
nifdiing  the  aperture  of  the  eye,  at  by  looking  through  a  ^ery 
■pall  hole^  the  brightness  of  bodies  is  very  much  diminished 
aleiBig  with  the  number  of  rays  from  them  which  enter  the  eye 
their  oohNirs  remaining  unchanged.  Brightness  and  dim- 
ness^ then,  without  change  of  colour,  seem  to  depend  almost 
ftirfly  upon  the  number  of  lumeniferous  rays  entering  the 
ayse  ftom  the  viable  object ;  and  all  coloured  bodies  may  be 
te^^t  or  dam,  accordipg  as  the  number  of  rays  pnqpagatcd 
fnani  them  is  greater  or  less. 

It  lemains,  then,  to  ascribe  tlie  colours  of  bodies  to  rays 
tranamirting  diflerent  qualities  of  light,  or  light  in  different 

of  polarity,  which  give  rise  to  intervals  of  different  big. 

i  and  nothing  could  be  desired  to  respond  more  sati»- 
fiKlocily  to  such  a  view,  than  all  the  phenomena  of  chroma. 
lic^  It  also  agrees  with  the  vulgar  conceptions  of  things 
wiuch  lead  us  to  regard  the  colour  of  a  body  as  something 
peculiar  to  that  body^s  substance,  of  which  the  light  between 
the  eye  and  that  body  is  the  index.  The  radiant  molecules 
tmnsmitting  the  modified  light  cannot  accurately  be  called 
eoloursy  because  they  arc  invisible,  and  an  invisible  colour 
is  a  contradiction  in  terms.  The  light  proper  to  a  surface, 
then,  we  may  regard  as  the  colour  of  that  surface ;  the  illu- 
minated form  developed  in  the  liack  part  of  the  eye,  in  con- 
^gqufiK^  of  its  lenticular  structure*,  is  the  inverted  image 
of  the  viable  object.  But  tliiK  image  we  nuiKt  be  c^reiul  not 
Id  confound  with  tliat  excited  s[N)t  of  unknown  form  in  tho 
radiant  tissue  of  the  ulterior  optic  apparatus  which  in  this 
work  is  generally  called  an  image  also. 

Aato  the  composition  of  lumeniferous  rays  existing  simulta- 
aaotisly  in  the  radiant  medium,  it  may  he  remarked,  that  if  wc 
wppose  that  there  is  a  multitude  of  rays  of  all  sorts  of  light  pro- 
pagated in  a  direction  nearly  or  altogether  parallel,  the  laws  of 
polariied  matter  lead  us  to  expect  that  they  will  react  upon 
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each  other,  bdog  analogous  to  chemical  bodies  in  Asumilar 
electrical  states.  They  will,  therefore,  group  togeth^  into 
fasciculi  which  shall  have  the  greatest  d^ree  of  symmetry, 
and  have  opposite  polarities  in  the  centre  and  circumference 
of  the  transverse  section  of  the  ray,  the  r^on  between  them 
bdng,  in  reference  to  both,  neither  in  a  positive  nor  negative 
state.  The  medium  b^g  resolved  into  such  prisms,  becamea 
symmetrical  in  its  structure ;  and  being  composed  of  nmilar 
bodies  in  the  same  electrical  state,  the  rays  will  attract  and 
change  each  other  no  longer,  but  rather  repel  each  other,  and 
thus  each  compound  or  fasdculated  ray  become  insulated.  If 
now,  such  a  ray  were  very  small  and  wholly  solid,  it  would 
probably  possess  great  unity  of  polarity,  and  any  lamina  taken 
from  the  prism  would  simply  be  a  circulated  axis,  in  one  state 
of  polarity  on  the  external  aspect,  in  another  in  the  central 
r^ion,  and  neutral  between  these  all  round :  but  a  ray  is  not 
solid ;  in  its  structure  it  resembles  two  magnetic  bars,  eadi 
composed  of  parallel  laminae,  interlaced  with  each  other  9l 
right  angles.  The  extremities  of  these  laminae  are  represented 
on  the  base  of  the  ray,  by  the  edges  of  the  lumeniferous  mob- 
cnles,  which  consist  of  two  sets  parallel  to  two  diametars  at 
right  angles  to  each  other.  In  the  direction  of  these  diameCen^ 
then,  there  will  be  polarized  axes  too;  the  central  line  of 
edges  of  both  sets,  that  is,  the  two  transverse  diameters,  will  be 
in  a  neutral  state  in  the  same  way  as  the  central  plate  of  a 
compound  magnetic  bar  is.  The  chromatic  circles  on  the 
base  of  the  ray  will,  therefore,  be  interrupted  by  two  diagonab 
parallel  to  the  two  sets  of  edges,  at  right  angles  to  each  other; 
and  in  two  diagonals  forming  angles  of  45""  with  these,  the 
chromatic  development  will  be  most  vivid.  But  farther,  theae 
two  sets  of  single  rays  and  parallel  edges  must,  in  reference  to 
each  other,  be  in  consecutive  states ;  for  we  have  already  seen 
that  transver^on  of  edges  implies  a  consecutive  polarity,  and, 
besides,  whatever  polarity  one  of  them  possesses,  it  will  induce 
a  consecutive  state  upon  the  other,  and  this  must  tend  greatly 
to  the  unity  and  stabiUty  of  the  ray,      A  perfect  ray  of  Ught 
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iboB^  fcpufyqr  UgUy  conpouadbd,  coanii  erf*  two  ptru 

•■lyy  eiiqiikkdy  ikfimrting  neb  otber,  and  producio||f  w^ 

fam  by  tbt  unkNi  of  tbe  mutual  acinrkiet  ui*  iu  two  ptitu 

Whmim^u  afictcd,  a  eonegpendimg  slate  is  inducad  upon 

•fbeolbar,  atid  ibe  extent  of  the  re-adMNi  is  profwitMial  to 

.iba  quaotity  by  wbicb  one  is  affiectad.    They  are  positiTe  ami 

nfmatiTr  i»  refrrmce  l»  each  other ;  and  if  we  suppose  any 

ifPMe  aa  iafluMMre  to  be  propagated  aJooff  one  of  ibcm^  wm 

raMis^^Moeire  another  to  be  propagaicd  slong  tbe  other  in  aa 

'.apppaite  diMciian. 

>  Tbere  an  two  positions  only  in  whicii  thrbe  two  parts  of  m 
ray^  siiaple  or  compounded,  can  exist  in  a  state  of 
▼is.  where  they  run  parallel  lo  each  other,  as  we  have 
Mpposed,  or  (were  it  possible  to  separate  them)  when 
aikes  off  at  right  angles  from  the  other.  In  the  ibrmer 
the  two  parts  neutralize  each  other,  and  the  ray  ia 
feiBsply  m  conductor  of  ktmeniferous  excitement.  In  the  huter 
eaaa,  tbe  one  half,  whose  primitive  direction  b  continued,  aeta 
aqmsi^  en  both  sides  of  that  which  is  now  at  right  angles  to 
ii,  lb  >ii  mining  it  to  this  position,  and  retaining  it  in  it  In  the 
way,  too,  magnetic  bars  may  be  hiid  parallel  to  caoh 
F,  and  they  will  remain  in  n*p()sc ;  but^  supfMniin^  them 
ID  be  square  prisms,  or  prisms  with  basi's  at  ri^ht  anglen  to 
ibeir  axes,  as  the  rays  of  light  arc,  if  one  of  them  \ye  diHcn* 
g^ged  from  its  oohnion  at  one  pole,  and  that  pole  gradually 
lifted  up  from  tbe  other  tu  whicli  it  formerly  cohered,  it  will  be 
fsuod,  that,  when  it  is  nearly  in  a  vertical  |iOHition«  it  starts  to 
ibo  vertical,  and  is  retained  there.  In  fact,  a  my  of  li^ht,  hv 
ibis  bifurcatioo,  again  presents  to  us  a  model  of  the  skeleton 
af  a  polariaed  solid.  We  im^y  supfXMe  ti  &tronp^  pencil  of 
perfect  light  to  have  its  exterior  rays  M>niohow  or  other  tliiis 
srparafeed  at  the  middle  into  two  part5,  whose  electrieiliL'^  are 
aalnaailv  consecutive,  and  whose  edges  are  transverse.  The 
csnlval  part  of  the  pencil  remains  as  an  axis,  and  has  nearly 
the  aaaie  polarity  at  both  poles.  The  limnches  which  strike o(F 
81  right  angles  represent  the  equator,  cutting  the  axisul  right 
SBglea,  and  are  necessarily  in  a  state  of  consecutive  polarity. 
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Let  A  X  (Fig.  S6)  be  a  pencil  of  perfect  light,  subjected  to 
some  action,  by  which  its  external  rays  are  bifurcated,  and  one 
set  is  constituted  at  right  angles  to  the  other  set  The  single 
rays  thus  givai  off  will  constitute  an  equator  or  verticillus  to 
the  axis,  and  its  polarity  must  evidently  be  consecutive  to 
that  of  the  axis,  in  as  far  as  the  axis  is  polarized. 

When  we  oonsidw  the  length  of  the  sun-beams,  the  inis- 
cdilaneous  .character  of  the  light  which  must  be  emitted  from 
so  large  a  body  as  the  sun,  or  even  the  fecility  which  is  af- 
forded for  such  rays  of  light  as  are  emitted  to  be  reduced  into 
the  most  perfect  and  symmetrical  state  before  they  reach  the 
earth ;  if  such  a  structure  as  that  which  has  now  been  de- 
duced from  the  laws  of  polarized  action,  and  the  structure  of 
the  radiant  medium,  anywhere  exist,  we  will  not  deny  it  to 
the  sun-beam.  But  we  cannot  place  a  sun-beam  like  a  ca- 
pillary crystal  in  the  forceps  of  the  microscope,  so  as  to  ex- 
amine its  structure,  though  its  parts  were  large  enough  to  be 
visible.  As  in  most  other  cases  of  analysis,  then,  we  must 
endeavour  to  discover  its  compointion  from  the  results  obtained 
by  its  destruction.  There  can  be  no  doubt,  then,  but  the  aggre- 
gation  ^i  be  towards  those  rays  whidi  possess  the  greatest 
tension  and  excitement,  and  produce  the  greatest  intervals  ; 
and  which,  therefore,  in  reference  to  the  others,  must  be  positive. 
The  most  highly  positive  tints  in  a  solar  ray  will  therefore  lie 
towards  the  axis.  Upon  the  destruction  of  the  axis,  in  conse- 
quence of  their  greater  directive  force,  they  will  be  more  diffi- 
cultly bent  from  their  original  direction, — the  intervals  which 
they  will  produce  will  be  the  largest, — the  heat  which  their 
percussion  on  cold  bodies  will  excite  must  be  greatest, — and 
the  electric  state,  proper  to  the  region  where  they  are,  wiU  be 
positive. 

Now,  when  a  ray  of  the  sun^s  light  is  made  to  fall  upon  a 
transparent  dense  medium,  the  plane  on  which  it  is  incident 
being  inclined  to  that  from  which  it  emerges,  so  that  they  meet 
in  an  edge,  it  is  found  that  the  emergent  pencil  possesses 
very  different  features  from  the  incident  one.  The  latter, 
when  received  on  a  white  surface,  in  a  dark  chamber,  formed 
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m  wUte  cireukr  bnage  of  the  sun ;  but  now,  aficr  it  has  been 
tiHMBsitted  thiough  the  inclined  surfaces  and  dense  medium, 
or  prisoi,  the  image  formed  upon  the  white  ground  is  a  circle 
dmwn  out  in  iu  equator,  so  as  to  constitute  a  parallelogram, 
terminated  by  semicircular  ends.  It  is  also  no  longer  white 
in  any  region,  provided  the  pencil  be  small,  but  painted  with 
an  iafinite  number  of  tints.  Nearest  to  the  position  of  tlic 
SBBua  imager  which  was  ikMrmed  of  white  light,  without  di»- 
by  the  dense  medium,  is  a  full  red ;    this  is  suc« 

by  orange,  yeUow,  greenish-yellow,  (passing  into  while 
aa  the  pencil  is  enlarged),  green,  blue,  indigo,  violet.     There 
ako  other  rays  which  bound  this  spectrum  on  both  cxtre- 

but  they  do  not  produce  a  colour  visible  to  the  human 
eye.  Upon  examining  the  spectrum  with  a  delicate  atomic 
ckcCraneter,  such  as  the  chloride  of  silver,  it  is  found  that 
the  mlet,  and  deeply  coloured  end  of  the  spectrum,  is  in  a 
nigafiTn  rlrrtrir  state,  and  the  red  extremity  in  a  positive 

On  examining  the  calorific  excitement  of  which  its 
parts  are  capable,  by  a  delicate  thermometer,  it  is 
found  that  the  fegjum  which  is  most  contiguous  to  the  original 
disectkm  of  the  ray,  which  possesacs  a  fiery  tint,  and  is  electro- 
posHire,  excites  the  greatest  heat;  and  on  examining  the 
itude  of  the  radiant  intervals  by  ihc  method  of  interfe- 
,  it  is  found  that  they  gradually  diminish  from  that  which 
is  reddest,  hottest,  and  most  highly  electro-)x>sitive,  to  that 
wUdi  is  darkest,  coldest,  and  most  strongly  elect ro-iie^ttve. 
These  phenomena,  which,  on  a  general  view,  arc  exhibited 
in  ereiy  experiment,  whatever  the  dispersing  medium  may  l)e, 
posaeaa  all  the  qualities  that  could  l>e  supposed  to  arise,  iu 
such  *  case,  from  submitting  to  the  same  treatment  a  sun- 
beam of  the  structure  which  has  been  assigned  to  it ;  and 
there  is  nothing  in  the  solar  spectrum  which  that  structure 
does  not  account  for.  The  tints  are  blended,  and  unequally 
expanded,  according  as  the  refracting  medium  acts  most 
powerfully  on  light  in  one  state  or  another ;  but  the  pheno- 
preaented  by  oil  of  vitriol,  and  oil  of  cassia,  two  substan- 
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ces  most  disrimilar  in  their  action  upon  light,  possess  such  af 
general  analogy  with  each  other,  that  we  may  have  great  am- 
fidence  in  regarding  the  solar  spectrum,  not  as  the  ofiiprii^ 
of  the  medium  through  which  the  sunbeam  is  conducted,  but 
of  the  structure  of  that  beam  itself. 

But  rays  of  light  are  not  instituted  by  the  sun  only.  Any 
body  whatever,  when  its  light  is  sufficiently  developed  by  m 
due  increase  in  its  heat,  becomes  capable  of  instituting  lumenU 
ferous  rays  in  the  radiant  medium  round  it.  It  cannot  be  ex- 
pected that  it  shall,  immediately  on  becoming  luminous,  be  able 
to  give  origin  to  perfect  compound  rays,  such  as  those  <^  the 
sunbeam.  As  heat  is  die  exciting  cause,  a  positive  tint  maj 
be  most  generally  expected  first,  more  especially  as  it  wyi 
require  great  energy  to  overcome  the  quiescence  of  tbe  sur* 
founding,  medium^  supposing  tbe  chamber  dark, '  and  sdlk 
greater,  to  counteract  movements  oocanoned  by  the  sun  m 
opponte  directions.  If  a  red  tint  appear  first,  then,  as  the 
heat  of  the  body  is  urged,  and  pardcles  of  different  tempos* 
tures  or  different  states  of  vibration,  each  of  them  adequate  lie 
educe  a  colour,  are  developed,  the  inferior  tints  will  gradually 
be  added  to  the  red,  which  naturally  forms  the  axis;  and 
the  artificial  light,  in  the  perfection  of  its  structure,  may  ulci4 
mately  emulate  the  sunbeam  itself^  in  which  it  will  be  nucb 
aided  by  induction,  and  the  lateral  transmission  of  polarity^; 
But  if  the  first  rays  which  the  luminous  body  institutes  be 
not  red,  but  some  inferior  tint,  as  for  instance  yellow,  then 
to  this  as  the  axis,  the  colours  inferior  to  yellow  will  be  suc- 
cesuvely  added  as  the  quantity  of  colour  emitted  becomes 
greater ;  aad  without  a  great  change  in  the  character  of  tin- 
rays,  red  and  onmge  are  excluded  from  the  light,  which,  ow 
analysis,  will,  therefore,  if  the  temperature  be  sustainedl 
uaifimn  with  that  at  whidi  the  yellow  rays  were  institultodi^ 
yield  homogeneous  yellow  light ;  or,  if  not  then  yellow^  witb 
blue  and  mors  highly  negative  tints,  but  without  any  red  op 
oranga  These  deductions  are  in  harmony  with  the  experi- 
mental results  of  Dr  Brewster,  in  his  researches  with  a  view 
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to  diteoTer  a  monochronuitic  lauip,  for  micraKopical  obser- 
vattoDs.  * 

The  mode  of  atomic  movement  of  greatest  tymmetry,  in  a 
medium  compo«ed  of,  or  containing  compound  perfect  rays  of 
light,  and  that  in  which  the  re-action  of  the  variously  colour- 
ed rays  and  the  quiescent  parts,  can  do  the  least  in  bringing 
the  marring  parts  to  rest  by  interference,  is,  when  every  part 
ads  to  that  the  radii  of  the  prism,  or  white  ray,  continued 
bam  the  axis  through  each  colour  outwardii,  to  a  quiescent 
panic  beyond  the  ray,  are  moved  upwards  and  downward* 
with  the  axis,  their  peripheral  extremity  being  at  rest.  Ac- 
cording  to  this  view,  while  in  a  state  of  combination  in  the 
suubemu,  the  vibrations  of  ail  the  colours  woukl  be  isochro* 
aooi^  and  their  amplitudes  would  diminish  from  the  axis  to 
the  point  of  quieicenee,  in  the  same  ratio  as  their  distance. 
la  such  a  state  of  nnnpement,  there  can  be  no  interference, 
citiier  between  the  diiTerent  parts  of  the  same,  or  between 
eaatigtMHis  rays.  Supposing  two  contiguous  white  rays  to 
be  in  oppoaite  movements  of  the  parallel  laminae  at  the  same 
time^  the  intermediate  point  between  them  will  merely  be 
fim  ftdcnmi ;  and  the  radii  on  each  side  will  act  as  if  they 
ooostitaed  one  lever  moved  to  and  fit>  round  its  fulcrum  in 
the  centre  like  a  balance.  When,  again,  the  {larallei  laminae 
of  the  two  white  rays  are  both  in  systole,  or  both  in  (liaslole, 
at  die  same  instant,  the  radii  on  both  Mcs  move  like  a  hinge. 
But  it  is  to  be  remarked  of  this  region  contained  between  the 
axes  of  two  contiguous  rays  of  white  light,  that  any  syimnelrical 
portion  of  it  possesses  the  regular  pdarization  of  a  isolid.  Thus, 
both  axes  of  the  rays  which  now  become  poles  ore  in  tlie  same 
gtate,  which,  in  this  cose,  hap|x>n8  to  be  )x>Bitive ;  the  middle 
or  qniicfloent  region,  again,  is  negative  or  consecutive  to  the 
pokr,  aa  the  equatorial  region  ought  to  be.  Hence,  the  trans* 
ntwt  polarity  in  this  direction  will  operate  in  causing  con* 
titDous  sunbeams  to  move  synehn>noiisly.  Upon  the  whole, 
vere  we  aUe  to  understand  it,  and  as  far  as  we  are  able  to  see 
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into  it,  the  sunbeam  seems  to  be  the  most  perfect  and  beau-*^ 
tiful  piece  of  mechanism  in  nature. 

The  amplitudes  of  the  vibratory  excursions  of  tlie  difierenc 
molecules  in  the  transverse  section  of  a  ray  of  white  light,  ta 
which  we  have  supposed  them  constrained  by  the  law  of  sym- . 
metry,  are  well  suited  to  the  intensity  of  their  polarity ;  and 
when  the  symmetry  of  the  ray  is  destroyed,  and  the  light  be^ 
comes  coloured  according  to  ihe  regions  of  the  sunbeam,  of 
which  the  coloured  rays  are  merely  a  continuation,  it  is  very 
reasonable  to  bdieve  that  the  ampliiude  of  the  excursions  of 
the  moleeules  remains  the  same  as  before ;  but  that^  according 
as  these  are  lessj  a  greater  number  of  radiant  molecules  pro- 
pagating the  coloured  light  is  involved  in  the  same  length  oC. 
ray.  Hence  it  follows^  that  their  intervals  must  also  become 
less ;  and,  therefore,  if  these  views  be  sound,  it  ought  to  be 
that  the  intervals  of  the  radiant  molecules  conducting  differ-* 
ent  colours^  ought  to  be  different,  those  of  red  light  the 
greatest,  of  all  the  tints  visible  to  our  eyes,  those  of  violet 
the  least,  (taking  for  granted  that  such  a  tint  exists  in  the 
sunbeam)  ;  and  there  ought  to  be  a  common  difference  in  the 
magfiitude  of  these  intervals,  when  the  colours  have  been  pro-- 
pagated  from  points  in  the  solar  ray,  equidistant  from  eadt 
other.  It  has  been  already  shown,  that,  by  observing  the 
lines  of  interference,  the  intervals  of  the  molecules  may  be 
calculated ;  and  as  these  interferences  equally  take  place  io  all 
colours,  the  intervals  may  be  ascertained  for  all  sorts  of  hglit^ 
They  have  been  calculated  for  the  principal  tints,  by  M«. 
Fraunhofer,  whose  experiments  have  revealed  far  more  of 
the  intimate  structure  and  admirable  symmetry  of  the  suoh 
beam,  than  those  of  any  other  man.  According  to  him,  the 
interval  for  red  light  is  0000S583  of  an  English  inch,  while 
that  for  violet  is  *00001572.  fietween  these  two,  there  are 
three  principal  tints,  orange-yellow,  green,  and  blue  with 
indigo. 

If,  then,  we  form  a  series  of  five  terms  in  arithmetical 
progresnon,  these  being  the  extremes,  we  shall  obtain  inter- 
vals corresponding  to  the  tints,  at  equal  dbtances  from  the 
axis  of  the  sunbeam.     Such  a  series,  as  nearly  as  need  be 
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cafed  for,  gives  the  fint  of  the  following  serici  of  numbert, 
which  are  contrasted  with  those  deduced  by  FnuinhoTer  for 
the  tints  oppoate  to  them  :-^ 

4W00tM9    •SS00S68S  Bed. 
-OOOOtSSS    -000033IS  Orange  Yellow. 
^HMMTJ    'OOOOtOTS  Grees. 

I  ISSt  IadiK9. 
•OOOOldTS    -OOOOUIS  Violet. 

The  fourth  term,  were  the  blue  and  indigo  consolidated, 
woaU  eridently  lie  a  little,  Troin  the  mean  position  between 
blue  nnd  indigo,  on  the  side  of  the  former.  It  appears,  then, 
as  nemrlj  as  experiment  and  the  hazard  of  fixing  u|X)n  the 
lints  could  be  expected  to  permit,  that  the  five  principal  tints 
ef  the  solar  spectrum  are  derived  from  hollow  cylinders  cf 
radiant  atMus,  concentric  with  the  axis  of  the  sunbeam,  and 
equidistant  from  each  other. 

If  it  Ik  so,  there  ought  to  be  a  great  cxccm  of  the  negative 
tints,  blue  and  violet,  in  the  production  of  which,  a  much 
greater  quantity  of  radiant  matter  must  be  involved  than  m 
tboie  tints  which  lie  nearer  the  axis.  It  is  very  reasonable  to  ex- 
pect that  the  two  extremes  of  the  chromatic  axis,  i\Mm*  n^gions 
beyond  the  violet  on  the  one  hand,  qimI  towards  the  axis,  or 
within  the  red,  on  the  other,  should  not  produce  vision,  jwrlly 
fiom  the  extreme  state  of  their  vil>rations,  and  jmrtly  from 
their  highly  unipolar  state.  That  which  must  Ik'  lH*st  fitted 
far  vision,  is  the  intermediate  region,  which,  in  as  far  as  the 
ttructure  of  the  ray  is  concerned,  is  left  in  the  same  state  of 
polarity  as  it  has  derived  from  the  luminous  Ixxly  which  ex- 
ctfcs  it ;  and,  accordingly,  a  region  nearer  the  red  than  the 
violet,  aa  we  should  expect,  if  the  negative  colours  were  most 
aboiidant,  is  found  to  possess  a  power  of  illumination  far  great- 
er than  either  extremes,  and  the  curve  expressive  of  the  force 
af  darkness  in  the  spectrum,  extended  towards  the  |>oles  from 
thepointof  greatest  illumination,  would  have  the  same  as|xx:t 
ft  that  towards  the  poles  of  a  magnetic  liar  from  its  neutral 
Ngioo,  which  expresses  the  increase  of  its  magnetic  foix'e. 
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As  indicative  of  ibe  excess  of  green,  blue,  indigo,  and 
violet,  in  tbe  sunbeam,  we  may  remark  the  great  abundance  of 
these  tints,  and  colours  compounded  of  them  in  nature,  com- 
pared with  the  more  central  tints.  The  ocean  and  the  sky 
are  blue.  The  earth,  covered  with  vegetation,  is  green,  be- 
coming blue  in  the  distance.  The  soil  is  usually  more  or  less 
black.  Bright  colours  are  confined  to  animals,  blossoms, 
the  tints  of  the  evening  sky,  (where  there  is,  however,  always 
a  due  proportion  of  negative  tints),  the  peroxide  of  iron, 
and  matter  comparatively  rare,  or  in  peculiar  states.  We  have 
no  power  of  expanding  the  sunbeam  in  a  due  proportion  by 
the  prism,  so  that  the  spaces  between  the  individual  rays  shall 
always  be  equal.  Were  we  able  to  efiect  this,  the  relaUve 
quantity  of  negative  and  positive  colours  might  be  measured. 
It  is  to  be  remarked,  however,  that  the  more  perfectly  any 
substance  disperses  light,  the  more  completely  does  it  expand 
the  negative  tints,  in  relation  to .  the  positive.  Another  cir* 
cumstance  intimating  the  great  density  of  the  n^ative  raysy 
compared  with  {he  positive,  in  the  spectrum  formed  by  a 
glass  prism,  is  the  comparatively  vast  number  of  interferences 
which  occur  in  the  former.  There  are  various  circumstances^ 
indeed,  which  conduce  to  this  efiect,  but  the  dark  bands 
(which,  it  will  be  afterwards  shewn,  are  merely  lines  of  inter- 
ference) in  the  spectrum  of  Fraunhofer,  are  ten  times  more 
numerous  on  the  negative  than  the  positive  side ;  and,  to  ac- 
count for  this,  it  seems  necessary  to  suppose  that  the  density 
of  the  rays  on  that  nde  is  much  greater.  The  colours  thert 
are  also  very  vivid,  and,  notwithstanding  their  softness  and 
approximation  to  the  colour  of  the  retina  and  pigment,  tbej 
fill  the  eye  very  perfectly.  If  we  suppose  that  four  perfect 
rays  in  the  centre  of  a  white  ray  (Involving  the  axis  and  tbe 
crossings  of  the  neutral  axes)  are  deprived  of  colour,  trans» 
mitting  light  of  the  true  quality,  developed  on  the  surface  of 
the  luminous  body,  or  none  at  nil,  and  that  each  of  the  five 
principal  tints  is  produced  by  a  hollow  square  prism,  tbe 
breadth  of  whose  wall  is  one  perfect  ray,  then  the  number  of 

rays  of  light  involved  in  producing  the  different  colours  will 

5 
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be  io  the  mtio  of  the  odd  numben,  unity  repretfentiog  the 
ooburieM  oentnl  aquaie,  so  that  the  quantity  of  the  poMlife 
light  iochiding  led,  onnige»  and  yelbw,  is  to  the  quantity  of 
Degative  ootour,  including  green,  blue,  indigo,  and  violet,  as 
S9 :  83.  At  ail  events,  whatever  quantity  of  unooloured  nwtler 
«e  suppose  in  the  axis,  the  extent  of  negative  surface  must  be 
greater  than  of  positive ;  an  arrangement  which,  it  has  been 
already  found  in  galvanic  combinations,  gives  rise  to  the  most 
vigorous  exdtement,  and  which  may  be  observed  in  a  multL 
tnde  of  cases  of  atomic  chemical  union. 

A  sunbeam,  then,  or  ray  of  white  light,  is,  as  Newton  said, 
*^  in  some  sense  a  hard  body,^  and  its  structure  is  not  different 
fiom  other  symmetrical  tissues,  whose  cohesion  may  admit  of 
their  being  handled  as  crystalline  masw  s.  We  shall  now  {iro- 
cecd  to  examine  the  phencmieoa  of  its  ethereal  cleavogi*. 


OF  THE  AfiFLECTION  OF  LIGHT. 

Whev  the  symmetry  and  continuity  of  a  pencil  of  light,  ver. 
tiadly  incident,  is  interrupted  by  some  intercepting  medium, 
(which  must  itself  be,  in  every  case,  coiupoMxl  of  radiant 
atoms  in  a  state  of  greater  or  less  compactness  and  condensa- 
tion,) it  must  either  be  continued  through  that  nii'diuni,  or  Ije 
stifled  and  lost  in  its  substance.  Hut  if  the  |K.Tfcct  ray  be 
incident  any  how  at  an  oblique  angle,  phenomena  more  easily 
must  ensue.  The  surface  of  every  body  in  some  state  of 
ion,  may  be  regarded  as  covered  with  a  stratum  of 
fight.  Upon  this  stratum,  then,  the  ray  of  light  constituted 
in  the  radiant  medium  is  incident  obli(|uely  ;  and  if  it  had  it 
not  before,  it  must  assume  that  position  in  which  the  plane 
cf  one  of  the  neutral  axes  of  the  ray  is  perpendicular  to  the 
illuminated.  For  the  tendency  of  the  ray  is  to  pro- 
in  a  straight  line,  and  the  extremity  of  a  neutral  axis 
fof  vbich  it  has  been  shewn  there  are  two  in  the  Imse  of 
every  perfect  ethereal  ray,  or  ray  constituted  in  the  radiant 
WMdium,)  bdng  less  highly  excited  than  other  places,  will 
be  repelled  less  by  the  stratum  of  light  proper  to  the  »ur- 
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face,  and  suffered  to  penetrate  deeper.  But  on  both  aidei 
of  this  neutral  axis,  (or  rather  base  of  a  neutral  plane  traven* 
ing  the  ray  longitudinally,  and  including  the  axis  of  the  ray 
or  radiant  prism,)  its  farther  penetration  is  prevented  by  an 
equal  force ;  it  will,  therefore,  be  kept  there,  in  a  position  such 
that  the  |dane  of  one  of  its  neutral  axes  is  perpendicular  to  the 
intercepting  plane.  This  is  the  only  position  in  which  the 
edges  of  the  incident  light  are  symmetrically  related  to  the 
medium  beneath,  and  every  cause  must  conspire  to  produce 
this  arrangement.  Such,  then,  at  the  surfaces  of  most  sub* 
stances,  will  be  the  first  change  which  a  perfect  ray  of  light 
will  underga  Now,  it  is  to  be  remarked,  that  half  the  ray 
is  incident  upon  the  intercepting  plane,  with  all  its  edges  moat 
favourably  placed  for  being  continued,  or  for  penetrating  the 
medium,  while  the  edges  of  the  other  half  are  parallel  to  the 
intercepting  plane,  and  best  fitted  for  being  continued  into  the 
radiant  medium  back  again,  so  as,  by  a  reflected  ray,  to  give 
rise  to  a  reproduction  and  image  of  the  incident  ray.  Only  one 
half  of  the  ray  is  axifrangible  in  the  plane  of  incidence.  Hence^ 
a  part  of  the  lumeniferous  excitement  propagated  along  the 
incident  ray,  ought  to  penetrate  the  medium,  and  be  stifled 
and  lost,  or  conducted  through  it,  and  another  part  ought  to 
be  continued  up  again  into  the  radiant  medium,  constituting  a 
reflected  ray  of  light,  so  as  to  be  an  image  of  that  part  of  the 
incident  light  which  has  not  penetrated  the  medium,  or  been 
occupied  otherwise ;  and  the  quantity  of  light  reflected  com. 
pared  with  that  transmitted,  must  evidently  increase  with  the 
obliquity  of  inudenoe ;  for  at  angles  near  the  vertical,  even 
those  rays  whose  edges  are  incident  parallel  to  the  surface,  are 
more  contiguous  to  the  atoms  of  tlie  dense  medium  than  to 
the  atoms  in  the  radiant  medium  on  the  same  side  of  the  re- 
flecting plane,  and  communicate  their  lumeniferous  excite^ 
ment  in  a  course  more  or  less  straight.  At  angles  of  great 
obliquity,  on  the  other  hand,  all  the  rays  are  best  fitted  for 
being  transmitted  back  to  the  radiant  medium,  which  far 
above  all  others  gives  facility  to  the  propagation  of  light 

It  nu^t  certainly  be  expected,  however,  that  at  some  angle 
pt  inrlfnfltirp  between  the  perpendicular  and  that  where  total 
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rdkcboo  takes  {dace,  a  tyimiietncal  distribulioo  of  the  two 
parts  <if  a  perfect  nij  already  detaibed  might  be  institulcd,  in 
whieh  the  perfect  pencil  ihall  give  oiF  nye  of  one  polarity,  at 
fight  angles  to  the  part  of  the  pencil  whieh  is  oootinucd 
through  the  medium.  If  is  found  that  this  is  the  case.  The 
phgnoBaenon  was  discovered  by  M.  Malus,  and  the  discovery, 
fike  that  of  Volta,  puts  in  the  possession  of  tlie  crystaliogn- 
pber,  a  pholo^notive  instrument  of  analysis,  not  less  powerful, 
in  iWietenoe  U>  crystalline  structures,  than  the  electnvmotive 
apparmins  is  in  reference  to  chemical  structures.  In  the  lat. 
ter,  by  separating  a  medium  which  is  in  a  state  of  electric 
neotiality  into  two  parts,  one  powerfully  electro-positive,  the 
other  powerfully  electro-negative,  and  conducting  to  a  coo* 
vement  phee  the  excited  unipolar  fluids,  we  become  posse  iscd 
of  a  region  of  intense  excitement,  either  of  positive  or  nega- 
tive electricities  ;  and  molecules,  held  by  chemical  union,  when 
introduced  into  these  regions,  have  the  equilibrium  of  their 
electrical  state  subverted,  and  they  are  changed  or  torn  asun. 
der.  In  the  same  way,  by  reflecting  at  the  pn>per  angle,  a 
pencil  c^  natural  Hght,  which  is,  previous  to  reflection,  in  a 
quieMent  and  miM  state,  the  opposite  polarities  of  its  two 
transverse  parts  retaining  each  other  in  a  state  of  nmtralj/ution, 
it  is  separated  into  two,  one  of  which  is  reflected  into  a  nmve- 
nient  region  in  an  unipolar  state,  and  the  light  f>f  nu>Ki*u1ar 
bodies  having  an  individual  polarity  when  intioduivd  into  it, 
have  their  chromatic  polarity  exalted  in  a  very  admirable 
manner,  as  will  be  touched  upon  afterwards. 

But  besides  its  state  of  unneutralized  excitinient,  light 
thus  reflected  must  evidently  {xissess  pro|Krties  very  differ- 
ent from  perfect  or  cooinion  liglit ;  for  all  the  edges  of  the 
binate  molecules  of  which  it  conhists  arc  parallel  to  each 
other,  while  in  common  liglit  there  is  an  ec|ual  nundnT  |mu 
nild  and  transverse.  The  whole  of  the  reflected  |)cncil,  then, 
when  incident  at  such  an  angle  that  the  rt  fleeted  part  may 
strike  off  at  the  right  angle  from  the  transmitted  part,  is  in 
the  state  of  single  rays,  which  are  in  fwrallel  |X)sition9,  and 
■lerely  images  of  each  other.  In  relation,  tlien,  to  its  origin 
sad  properties,  as  well  as  its  nature,  it  may  be  called  ringicd 
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wmipcHarj  or,  as  usual,  polarized  Ughi.  Light  singled  by  nflec- 
tion,  must  always  have  the  poles  <nr  edges  of  its  molecules 
parallel  to  the  reflecting  plane,  and  transverse  to  the  plane 
passing  through  the  incident  and  reflected  pencil  or  the  plane 
of  reflection,  in  which  it  is  commonly  said  to  be  polarLsed* 
We  shall  attain  an  easily  conceivable  idea  of  the  propertiea 
arising  out  of  the  structure  of  singled  b'g^t,  by  viewing  a 
ray  mmply  as  a  crystalline  prism.  It  appears,  then,  that, 
along  the  whole  of  its  length  it  is  axifrangible,  or  may  be 
reflected  in  the  plane  in  which  it  has  been  generated :  in  a 
plane  at  right  angles  to  this,  on  the  other  hand,  it  is  quite 
rigid,  and  will  not  suffer  reflection ;  and  between  these  two 
planes,  its  symmetry  will  yield  more  or  less  to  the  force  which 
is  applied  to  break  it,  according  as  that  force  acts  more  or  lest 
powerfully  upon  the  parallel  edges  of  the  binate  molecules  of 
which  it  connsts.  Suppose,  then,  that  a  sunbeam,  when  the 
tun  happens  to  have  an  altitude  of  37*  6'  1^,  is  admitted 
into  a  dark  chamber,  it  will  be  found,  on  applying  an  instru-> 
ment  of  cleavage  to  it,  such  as  a  plate  of  glass,  or  any  polished 
surface,  that  it  may  be  partially  reflected  in  equal  quantity  ia 
any  direction,  when  the  reflecting  surface  is  applied  to  the  axu 
of  the  ray  at  the  same  degree  of  obliquity.  The  sunbeam  b 
natural  and  perfect,  composed  of  a  number  of  illuminated  mole- 
cules, with  their  edges  in  equal  numbers,  in  transverse  posi- 
tions :  if  one  part  be  reflected  in  one  direction,  then  another 
part  is  equally  fit  to  yield  a  reflection  in  a  direction  at  right 
angles  to  the  first.  But  let  the  sunbeam  now  fall  upon  a  sur- 
face of  stagnating  water.  The  angle  which  has  been  mentiou- 
ed  is  deduced  from  the  atomic  structure  of  water  to  be  that 
inclination  at  which  it  singles  light  completely,  and  it  differs 
from  the  experimental  result  only  a  few  minutes.  The  reflected 
part  of  the  sunbeam  will,  therefore,  be  completely  singled ; 
jBnd  we  are  in  possession  of  such  a  prism  as  we  wish,  to  ex- 
mnine.  All  the  edges  of  the  lumeniferous  molecules  must  be 
parallel  to  the  surface  of  the  water,  and  to  a  line  jcnning  his 
pro  eyes,  supponng  the  observer  to  stand  in  the  same  plane  ' 
•irith  die  aperture  wfaidi  admits  the  sunbeam,  and  the  vessel  ^ 
«f  3|raler.    The  pendl  is  therefore  axifrangible  in  this  plan^y    ^ 
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.  viB  be  eeen  to  fell  gradueUy  awny,  until,  in  a  pUne  transverse 
tothntfiraai  which  it  set  out,  no  light  isreflectedat  all.     Coo- 
ijniiing  the  revolution,  reflected  fight  appears  again,  and  in- 
in  intensity,  till,  prcyectsd  on  the  floor  in  the  tame 
as  the  aperture  and  the  water,  it  is  as  bright  as  it  was 
the  window^utter.    Continuing  the  revdution,  the  re- 
decays  again,  till  it  vanishes  in  the  point  opposite  to 
where  it  vanished  before  in  thefirsthalf  of  its  revolution; 
this,  it  increises  till  it  arrives  at  its  former  intcnnty  on 
window-shutter.    IT  tlicn  the  observer  stand  fronting  the 
qwrture^  and  in  the  ssme  plane  with  it  and  the  sing- 
surface,  the  sbgled  light  may  be  reflected  in  the  direction 
face  or  back,  but  not  on  his  right  hand  or  left.     The 
lomeniferous  priaro  of  radiant  matter  may  be  broken  In 
plane,  but  not  in  the  latter.   Many  other  substances 
iMwmmi  of  water  may  be  ussd.    A  pinto  of  ^em,  or 
r,  a  Bumber  of  platss  hud  abote  eadi  athei^  the 
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shining  surface  of  a  table,  a  marblepslab,  any  thing  that  re- 
flects and  has  not  a  very  intense  reflective  power  at  one  an^ 
of  inclination  or  other,  will  be  found  to  single  the  light  id- 
cident  upon  it ;  and  these  very  striking  phenomena  may  fae 
observed  with  the  greatest  ease.  The  light  which  comes  from 
the  asure  of  the  sky,  as  will  afterwards  be  more  particularly 
stated,  is  completely  singled  in  certain  regions  of  the  canopy ; 
and  all  the  tints  of  the  rainbow  are  in  the  same  predicament. 
It  is  a  curious  experiment  to  present  a  Claud  Lorraine  gla» 
or  nonmetaliic  reflector,  so  as  to  form  an  image  of  a  landscape, 
over  which  there  is  a  rainbow.  As  often  as  it  is  inclined  to 
the  ndnbow  at  the  singling  angle,  the  bow,  however  vivid, 
vanishes,  while  the  other  part  of  the  landscape  remains  equally 
bright. 

There  are  many  other  phenomena  of  great  interest  pre- 
sented by  singled  light,  of  which  those  connected  with  its  in- 
terference are  not  the  least  Interference,  or  the  arresting  of 
the  propagation  of  lumeniferous  excitement,  has  already  been 
ascribed  to  the  simultaneous  incidence  of  two  molecules  of 
light  in  consecutive  states  upon  a  third,  which  forms  a  part 
of  both  rays,  whereby  it  is  left  quiescent  and  neutral,  the 
opposite  electricities  simultaneously  communicated,  failing  to 
induce  a  state  of  illuminated  pdarity  upon  it.  Hence  two 
rays  singled  with  their  edges  trnnsverse,  or  in  rectangular 
planes,  cannot  interfere,  whatever  be  the  length  of  their  routes, 
because  in  the  whole  course  of  the  rays,  there  are  no  mole- 
cules of  radiant  matter,  engaged  or  common  to  lx)th.  The 
rays  decussate  each  other,  each  sustaining  the  excitement  of  its 
own  molecules,  and  the  region  containing  the  two  singled  raya 
makes  an  approach  more  or  less  near  to  the  state  of  commoD 
liglit. 

Portions  of  the  same  singled  pencil,  however,  must  interfere 
with  each  other,  as  common  light  does.  Where  the  rays  de- 
cussate, there  are  common  molecules,  which,  when  the  dif- 
ferences of  the  lengths  of  the  rays  are  half  an  interval,  are 
juit  as  in  the  case  of  common  light,  exposed  to  the  induction 
cf  oppoMte  states  at  the  same  instant,  and  therefore  must 
uniDuminated.    Nor  docs  it  make  any  difference  how 
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oAeo  foevar  one  of  the  two  ports  of  the  pencil, 
flugled  in  the  Mine  pbine,  may  limve  been  transvened,  pro- 
vided the  fitit  and  hut  directions  be  parallel.  But  when  the 
two  fingled  pencils  expoaed  to  interference  consist  of  the  coo- 
aeoudfc  paru  of  a  perfect  pencil,  or  those  which  arc  natu- 
ratty  in  consecutive  states  and  a  transverse  position,  they  have 
not  been  yet  made  to  interfere  in  any  experiment,  though 
Aef  enter  upon  the  crossing  in  parallel  positions,  or  tingled 
in  the  aasie  plane.  It  b  diilicult  to  conceive  that  two  ra}s 
could  be  mingled  in  consecutive  states,  without  acting  as 
ttansversing  piles  (polarizing  piles)  upon  each  other.  A 
my  of  light,  erne  part  of  which  was  in  a  state  consecutive  to 
iht  oCber,  and  yet  all  the  edges  parallel,  would  be  in  an  ano* 
malous  condition,  in  which  it  might  be  infcrrecK  that  tlie 
indactiao  derived  from  the  molecules  coming  up  behind  could 
aol  sustain  it ;  and  if  the  pencils  were  equal,  it  seems  |)roba. 
hk  that  the  edges  of  both  the  parts,  which  are  interlaced, 
shall  have  moved  round  through  46^ 

The  immediate  effect  of  the  illumination  of  objects  by 
I,  is  to  render  them  visible,  and  their  splendour  de-^ 
on  the  quantity  of  light  which  rises  up  from  them. 
Their  colours  will  be  noticed  afterwards. 


OF   THE   TRANSMISSION   OF    LIGHT. 

Like  the  metals  in  reference  to  electricity,  and  soft  iron  in 
reference  to  magnetism,  many  bodies  conduct  light  through 
diem  in  a  very  passive  manner.  Others,  again,  like  eltx^tric 
and  magnetic  substances,  have  a  lumeniferous  {lolarity  induced 
upon  them,  and  present  phenomena  of  great  curiosity.  Tliose 
which  reflect  lumeniferous  excitement  very  intensely  seem  to 
be  almoet  impenetrable  to  it ;  and  an  incident  ray  has  not  dt- 
rective  force  enough  to  be  constituted  in  thi'ir  substance,  but 
with  greater  facility  gires  off  its  excitiMnent  to  the  radiant 
medium  on  the  same  ade  of  the  reflecting  surface,  and  con- 
sdttttei  n  reflected  ray.  To  this  class  the  metals  U'long, 
which,  except  in  the  ai;riform  state,  become  eminently  illu. 
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minated  on  the  surface,  but  do  not  permit  a  ray  of  liglit, 
even  vertically  incident,  to  be  prcqpogated  into  their  substance 
to  any  considerable  depth.  Others,  again,  sudi  as  the  dia- 
mond, are  of  an  intermediate  character.  When  the  ray  of 
light  is  incident  near  the  vertical,  they  permit  a  part  to  pass 
through  them,  but  when  the  obliquity  increases  to  a-  certain 
amount,  they  become  wholly  opaque  to  the  ray,  and  re6ect< 
all  the  light  incident,  which  is  not  occupied  in  sustaining  the 
illumination  of  their  surfaces,  or  destroyed  there.  The  con- 
dition  of  structure  most  favourable  to  the-  conduction  or  pas- 
sive  transmission  of  light,  is  a  symmetrical  arrangement  of 
the  particles  of  the  mass,  the  want  of  individuality  of  mole* 
cular  form,  and  of  an  intense  sphere  of  free  light  investing  the 
particles. 

Aeriform  media  are  invariably  more  or  less  transparent .; 
but  it  is  probable  that^  in  many  cases,  the  light  is  not  coo* 
ducted  through  the  radiant  atoms  implicated  in  their  com-, 
position,  but  umply  by  the  radiant  medium  with  which  they 
are  interlaced,  and  that,* if  we  could  exclude  this  medium, 
and  prevent  its  rising  along  with  them,  many  gases  would  not 
only  be  highly  coloured,  but  absolutely  opaque.  It  is  dif- 
ficult to  conceive  how  such  an  aeriform  medium,  as  a  volume 
of  hydriodic  acid,  which  is  colourless  and  limpid,  could  con- 
duct light  otherwise  than  by  the  radiant  matter  existing  be* 
tween  its  particles.  These  are  twice  as  distant  as  those  of 
common  air,  or  hydrogen  gas ;  yet  every  particle  seems  to  be 
about  eighty  times  the  weight  of  one  of  the  latter,  which 
must  be  accompanied  with  such  a  resistance  to  motion  as 
would  not  admit  of  those  systoles  and  diastoles  whieh,  in  aa 
rare  a  medium,  would  be  necessary  for  the  conduction  of  light 
through  it 

The  liquid  state  seems. most  favourable  for  the  conductiott 
of  light;  for,  while  the  particles  are  almost  as  densely  aiu 
ranged  as  in  solids,  in  some  cases  more  so,  they  are  not-m 
that  molecular  state  and  polarised  arrangement  which,  when 
l^t  is  incident  upcm  it^  produces  polarized  ex<ntement  and 
an  lingular  aotioQ  upon-  the^  transverie  raya  in  a  pencil  of 
light.    Aocoidinj^y,  it  is  found  that  liquids,  even 
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when  leiMiblj  ookmred  throughout  their  iiiai%  condui  t  lu- 
nicniieroiu  mys  thiough  a  great  breadth.  Aloog  with  liquida 
maj  be  daved  bodies  in  tlie  gektinout  state,  and  vitreous 
substances  of  uniform  density  throughout. 

But  even  through  liquids  and  such  bodies,  a  ray  of  light, 
ooept  when  vertically  incident,  is  not  transmitted  in  a 
smigbt  fine,  continuous  with  that  of  the  my  previous  to  in- 
cidcBoe.  In  every  case  where  a  pencil  of  light  produces  the 
yiomination  of  a  surface,  a  force  must,  by  that  act,  be  de. 
vdopcd  to  change  its  direction.  The  illuminated  spot  is,  in 
httf  a  congeries  of  atoms  of  radiant  matter  invested  with 
lighL  In  the  medium,  on  the  surface  of  which  the  illuminated 
spot  is  developed,  the  atoms  continue  to  be  so  dense  that  the  il- 
luminated state  penetrates  to  some  depth ;  and,  therefore,  the 
Sghft  proper  to  the  atomic  matter,  of  which  the  supcrficiol  stra* 
torn  of  a  dense  medium  is  composed,  continues  while  that  stnu 
torn  coDtinues  to  be  illuminated,  in  a  state  of  vertical  pulsation, 
or  progvession  and  recession,  in  the  direction  of  an  axis,  ta 
which  the  plane  of  the  surface  is  the  equator.  When  an  cthc- 
seal  ray  of  light  is  incident,  parallel  to  this  nascent  vertical 
ray,  or  perpendicular  to  the  illuminated  surface,  there  it  no  rea- 
KO,  in  as  far  as  the  vertical  ^*  motion  or  moving  thing  ^  is 
concerned,  why  it  may  not  proceed  in  a  straight  line.  The 
rsy  excited  at  the  surface  of  the  medium  conspires  with  the 
ethereal  ray  to  sustain  a  vertical  direction  through  the  deniic 
BMdium,  and  in  this  case  the  quantity  of  luineniferous  excitr- 
■cnt  propagated  through  that  medium  must  be  a  maximum. 
But  when  an  ethereal  ray  is  incident  obliquely,  it  can  only 
lappen  that  the  oblique  propagation  of  excitement,  crossed 
hy  the  lines  of  vertical  propagation,  must  suffer  a  deflection 

its  previous  course  towards  that  in  which  tlie  vertical 

takes  pkce. 

On  entering  a  dense  medium,  then,  a  ray  of  light  must  be 

towards  the  perpendicular,  because  the  vertical  propa* 

is  right  downwards ;  but  on  leaving  a  dense  medium,  it 

be  refracted  from  the  perpendicular,  because,  in  that  eaae» 
m  from  the  illuminated  spot  is  right  upwards. 
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This  is  a  refracting  apparatus,  exactly  onalugous  to  that  as^ 
Bumed  bj  Newton,  to  account  for  the  constant  ratio  of  the 
sines  of  incidence  and  refraction  ;  and  were  the  motion  of  this 
*^  moving  thing^  and  that  of  the  incident  ray,  to  suffer  no 
modifications  from  the  arrangement  of  the  atomic  matter  of  the 
surface,  there  can  be  no  doubt  but  the  amount  of  the  angle  of 
refraction,  as  measured  by  its  sine,  would  vary  accurately  with 
that  of  incidence,  as  measured  by  its  sine.  It  is  probable* 
that  in  nature,  however,  there  is  often  only  an  approximation 
to  the  fulfilment  of  this  general  expression ;  that  there  are 
minute  departures  from  it  at  certain  inclinaUons,  which,  if 
accurately  observed,  would  be  most  instructive  as  to  the 
structure  of  the  surfaces  of  different  bodies.  The  fashion  too 
prevalent  in  experimental  philosophy,  in  our  day,  of  disre-. 
garding  all  small  differences  yielded  by  experiment,  and  of 
working  the  same  experiment  over  and  over  again,  with  more 
or  less  care,  seeking  for  a  mean  which  shall  correspond  with., 
some  pre4x>neeived  formula,  cannot  be  too  much  regretted  ; 
and,  after  all,  such  formulae  often  illustrate  the  subject  dis-^ 
cussed  much  less  than  they  do  the  mathematical  talent  of 
him  who  constructs  them. 

As  this  work  pretends  to  enable  us  to  pourtray  the  intimate 
structure  of  the  surfaces  of  refracting  bodies,  the  subject  of 
refraction  need  not  now  be  investigated  further  in  general 
terms.    Its  quantity  depends  upon  the  quantity  of  light  proper 
to  the  illuminated  surface,  and  upon  the  tension  or  directive- 
force  of  the  incident  ray  or  its  parts.   The  phenomenon  may  be 
thus  conceived.   Let  P  P'  (Fig.  27)  be  the  plane  surface  of  any 
refracting  medium  more  dense  than  the  radiant,  and  I  O  the! 
axis  of  any  ray  of  light  incident  upon  it,  at  any  oblique  indinai^ 
tion.   The  dense  surface  under  that  ray  is  immediately  illumi- 
nated,  and  this  illumination  implies  a  more  or  less  powerful  puk 
sation  downwards  of  its  light,  immediately  after  the  most  cooti-    | 
guous  mcdecule  of  the  ethereal  ray  has  impinged  towards  it.    { 
The  nature  of  subtile  matter  induces  us  to  believe  that  the    { 
fimn  of  the  congeries  of  atoms  implicated  in  the  compoaitioa    ^ 
of  the  refracting  surface  in  which  this  pulsation  takes  place,  M    j 
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hflnnpherici],  the  axis  nf  the  illumiiMtm^  etlirreal  ray  inci- 
dent ittipinpnv  on  the  centra  of  the  heniis|ihere.  Were  thu 
rectilineal  pmgreasion  of  this  ray  not  intemiptod,  the  length 
of  the  pulsation  to  which  the  ray  would  pve  rise,  in  any  one 
movement,  reckoned  from  the  |K>int  (),  would  be  the  RanK» 
whatever  was  the  direction  of  the  rav,  and  in  the  coiine  of 

w 

incidence.     Nor  will  ihe  case  Ik*  different  on   entering  an- 
other  medium,  provided,  Uke  the  radiant,  that  medium  have 
an  uniform  structure ;  therefore,  the  pul<cs  pnipa/i^ted  by  the 
incident   ray,  in  the  dense  medium,  in  the  course  of  inci- 
dence,  will  be  re{)re8cnled  by  the  radii  of  a  circle,  wht*n  the 
incident  ray  is  moved  upwards  and  downwards  in  the  same 
plane.     But,  while  a  pulse  is  propagated  by  the  incident  ray 
ibnMJgh  the  radius,  with  more  or  less  directive  force,  another 
is  amultancously  propagated  from  the  surface,  through  the 
due  corresponding  to  that  radius.    The  polarity  of  the  pulsen 
fadng  developed  only  at  the  moment  when  the  movement  is 
at  zero,  the  pulse,  in  the  course  of  incidence,  will  pass  through 
the  larger  sines  without  interference.     But,  at  the  point  r,  two 
polarities  are  simultani'ously  generated,  whose  force  and  direc- 
Don,  supposing  the  dirtctive  force  of  Ixith  e({ual,  arc  ropre- 
fented  by  o  t  and  s  i.     The  ray  which  is  to  Ix*  conriniicd 
throu<^  the  medium,  thon,  will  Ik*  the  n^>ultant  df  ihrsc,  or 
that  in  which  an  ivory  IkiII  umiKI  rtm,  if  struck  simu!tanefMi<;lv 
br  two  comiiis:  in  the  directions  ofo  i  and  .v  /,  and  with  forrrs 
proportional  to  these  linr>.    T.el  O  R'  he  drawn  parallel  to  II  f , 
and  let  ^  r,  the  sine  of  it>  inclinntion  to  P  F,  Ix'  drawn.     It 
n  evident  that  *'  r  always  varies  in  the  same  ratio  as  .v  .v",  or 
its  half  Jf  f-      But  .v'  r  is  tlie  sine  of  inclination  r)f  the  refracted 
nj,  and  s  i  that  of  the  same  ray   incident ;   or  thev  are  the 
corinesof  the  angles  of  incidence  and  refractl<)n,  and  those  hein;^ 
in  a  constant  ratio,  s^i  also  nuisl  Ik-  their  sines,  as  commonly 
rtited.      To  account  for  different  refractive  |M)wers  in  different 
Bedia  at  the  same  incidence,  we  have  only  to  siip|)osi\  that  the 
iBuminated  hemispheres,  in  different  substances,  according  to 
ior  inK?nsitv,  diminish  more  or  less  the  directive  enerjrv  of 
^  rav  propagated  in  the  coiirst*  of  incidence,  which  has  to 
Pnetrate  them,  while  tljc  dinrtive  energy  of  their  own  ver- 

II 
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This  is  a  refractiDg  apparatus,  exactly  analogous  to  that  aisk 
Bumed  bj  Newton,  to  account  for  the  constant  ratio  of  the 
sines  of  incidence  and  refraction ;  and  were  the  motion  of  thia 
*^  moving  thing^  and  that  of  the  incident  ray,  to  suffer  no 
modifications  from  the  arrangement  of  the  atomic  matter  of  the 
surface,  there  can  be  no  doubt  but  the  amount  of  the  angle  oC 
refraction,  as  measured  by  its  sine,  would  vary  accurately  with 
that  of  incidence,  as  measured  by  its  tine.  It  is  probable, 
that  in  nature,  however,  there  is  often  only  an  approximation 
to  the  fulfilment  of  this  general  expression  ;  that  there  are 
minute  departures  from  it  at  certain  inclinations,  which,  if 
accurately  observed,  would  be  most  instructive  as  to  the 
structure  of  the  surfaces  of  different  bodies.  The  fashion  too 
prevalent  in  experimental  philosophy,  in  our  day,  of  disre- 
garding all  small  differences  yielded  by  experiment,  and  of 
working  the  same  experiment  over  and  over  again,  with  more 
or  less  care,  seeking  for  a  mean  which  shall  cqirrespond  wit^.. 
some  pre-coneeived  formula,  cannot  be  too  much  regretted  ; 
and,  after  all,  such  formulae  often  illustrate  the  subject  dis-^ 
cussed  much  less  than  they  do  the  mathematical  talent  of 
him  who  constructs  them. 

As  this  work  pretends  to  enable  us  to  pourtray  the  intimate 
structure  of  the  surfaces  of  refracting  bodies,  the  subject  of 
refraction  need  not  now  be  investigated  further  in  general 
terms.  Its  quantity  depends  upon  the  quantity  of  light  proper 
to  the  illuminated  surface,  and  upon  the  tension  or  directive 
force  of  the  incident  ray  or  its  parts.  The  phenomenon  may  be 
thus  conceived.  Let  P  P'  (Fig.  27)  be  the  plane  surface  of  any 
refracting  medium  more  dense  than  the  radiant,  and  I  O  the 
axis  of  any  ray  of  light  incident  upon  it,  at  any  oblique  inclinSi^ 
tion.  The  dense  surface  under  that  ray  is  immediately  illumi- 
nated, and  this  illumination  implies  a  more  or  less  powerful  puU. 
sation  downwards  of  its  light,  immediately  after  the  most  conti- 
guous molecule  of  the  ethereal  ray  has  impinged  towards  it* 
The  nature  of  subtile  matter  induces  us  to  believe  that  the 
form  of  the  congeries  of  atoms  implicated  in  the  compoaitioQ 
of  the  refracting  surface  in  which  this  pulsation  takes  place,  ia 
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hmrnphcrkal,  the  axis  iif  the  illumiiMtin^  ethereal  ray  inci- 
dent hnpiof^n^  on  the  centre  of  the  heinis|ihere.     Were  the 
rectilinefil  pmgreasion  of  this  my  not  iiitemiptod,  the  lenfi^h 
of  the  pulsation  to  which  the  ray  would  give  rise,  in  any  one 
moTcment,  reckoned  from  the  point  (),  would  be  the  unK* 
whatever  was  the  direction  of  the  rav,  and  in  the  coiirw  of 
incidence.     Nor  will  the  case  lie  different  on  entcrin|r  an- 
other  medium,  provided*  like  the  radiant,  that  medium  have 
an  uiiiftjim  structure ;  tlierefore,  the  pul<cs  propagated  by  the 
incident   ray,  in  the  dense  medium,  in  the  course  of  inci- 
dence, will  be  represented  by  the  radii  of  a  cirt*le,  when  the 
incident  ray  is  moved  upwards  and  downwards  in  the  same 
plane.     But,  while  a  pulse  is  propagated  by  the  incident  ray 
through  the  radius,  with  more  or  less  directive  force,  another 
is  aimultaneously  propagated  from  the  surface,  through  the 
sine  corresponding  to  that  radius.    The  polarity  of  the  pulses 
being  developed  only  at  the  moment  when  the  movement  is 
atsero,  the  pulse,  in  the  course  of  incidence,  will  pass  through 
the  larger  sines  without  interference.     But,  at  the  point  f,  two 
polarities  are  simultaneously  generated,  whose  force  and  direc- 
tion, supposing  the  directive  force  of  lx)th  cc{ual,  arc  repre- 
sented by  o  i  and  .f  i.     The  rny  which  is  to  lx»  conrinticd 
tfarou^  the  medium,  then,  will  Ik*  the  rosultant  of  these,  or 
that  in  which  an  ivory  ball  would  run,  if  struck  simultnneou«;1y 
by  two  coming  in  the  directions  ofo  i  and  .v  i,  and  with  forces 
proportional  to  these  lines.    Let  O  R'  Ik*  drawn  parallel  to  R  f, 
and  let  /  r,  the  sine  of  its  inclination  to  P  P',  Ik*  drawn.     It 
is  evident  that  *'  r  always  varies  in  the  same  ratio  as  s  ,s'\  or 
its  half  3  u     But  y  r  is  the  sine  of  inclination  of  the  refracted 
ray,  and  s  i  that  of  the  same  ray   incident ;  or  they  are  the 
cosines  of  the  aiij^Ies  of  incidence  and  refraction,  and  these  Ikmuit 
in  a  constant  ratio,  so  also  njust  Ik*  their  sines,  as  commonly 
stated.      To  account  for  different  refractive  jKiwers  in  different 
media  at  the  same  incidence,  we  have  only  to  sup{K)so,  that  the 
illuminated  hemispheres,  in  different  substances,  according  to 
their  intensity,  diminish  more  or  less  the  directive  ener«jv  of 
the  ray  propagated  in  the  coursi*  of  incidence,  which  has  (o 
penetrate  them,  while  the  dinvtivc  energy  of  their  own  ver- 

if 
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dense  laminae  of  the  same  substance,  provided  some  singled 
light  be  reflected  at  tiie  first,  the  pencil  ultimately  emergent, 
will  be  completely  singled  also,  the  plane  of  its  edges  being 
of  course  transverse  to  that  which  is  obtained  by  reflection  of 
the  same  pencil.     Thus,  when  receiving  a  pencil  of  common 
light  upon  a  number  of  parallel  plates  of  glass  at  the  sin- 
gling angle,  by  reflection  from  the  first  surface,  a  considerable 
pencil  may  be  obtained  completely  singled  in  one  plane ;  and» 
by  transmission  through  a  greater  or  less  number,  a  consider- 
able pencil  may  be  obtained,  completely  singled  in  a  transverse 
plane.    Let  R  (Fig.  98)  be  a  perfect  pencil,  incident  at  the 
singling  angle  upon  the  sdrface  of  the  photomotive  pile  A  B, 
a  part  of  the  excitement  rises  up  in  the  direction  of  R',  singled 
with  the  edges  of  the  molecules  transverse  to  the  plane  of  inci- 
dence and  reflection,  or  parallel  to  the  reflecting  surface.     A 
singling  action  goes  on  at  the  illuminated  surfaces  of  the  suc- 
cessive plates,  and  the  pencil  R^  is  completely  singled,  the 
edges  being  in  the  plane  of  incidence  and  reflection,  or  trans- 
verse  to  those  of  R'.     These  two  singled  pencils  correspond 
to  the  two  wires  of  an  electro-motive  pile. 
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Such  are  some  of  the  most  obvious  phenomena  produced 
by  iumeniferous  excitement,  when  propagated,  transmitted, 
or  conducted  through  media,  which  have  not  a  specific  pola- 
rity of  their  own,  and  which,  during  transmission,  act  equally 
upon  both  the  parts  of  which  a  pencil  of  common  light  con- 
sists. The  transmitted  pencil  may  simply  be  regarded  as  the 
prolongation  of  the  incident  pencil,  refracted  and  mutilated  at 
the  surface  of  the  dense  medium,  according  to  circumstances. 
But  when  the  refracting  medium  consists  of  molecules  sym- 
metrically disposed  in  it,  each  having  a  specific  polarity  of  its 
own,  it  will  readily  be  inferred,  that  the  different  parts  of  a  ray 
of  light  will  be  difierently  affected,  when  they  come  in  contact 
with  the  polarized  molecules.  To  give  rise  to  a  molecule  pos- 
seted of  free  polarity,  it  is  only  necessary  that  its  form  de^ 
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vuite  frum  the  spheroidal  or  polygonal  tcssular ',  (17).  If  there 
be  an  excess  rither  of  equatorial  or  polar  parts,  it  beamier  pos- 
sessed of  an  excess  either  of  negative  or  positive  pcdarity,  and 
such  a  state  being  in  different  degrees  of  intensity  in  different 
regions  of  the  molecule,  the  lumeniferoiu  excitement  will  be 
constituted  in  the  medium  in  two  directions,  which  munt,  of 
coarse,  be  possessed  of  consecutive  polarities.  A  pularixed 
medium  cannot  admit  a  body,  neutral  by  consisting  of  two  po> 
larised  parts  neutralizing  each  other,  to  pass  through  it,  or 
exist  in  it  As  between  the  voltaic  pedes,  potash  is  separated 
into  oxygen  and  potassium,  or  water  into  oxy gi*n  and  hydrogen, 
BO,  by  a  symmetrical  pile  of  polarized  molecules,  a  ray  of 
light  is  separated  into  two,  and  made  to  conform  in  the  state 
of  its  polarity,  and,  consequently  its  position,  to  tlie  de- 
mands ci  the  pile.  Tiie  action  of  a  doubly  refracted  crystal 
cannot  be  reganictl  as  a  meclianical  splitting  or  diffracting 
into  parts  an  incident  ray.  It  is  a  new  organization  of  the 
lumeniferous  excitement,  conformable  to  the  medium  in  which 
•t  must  exist.  Instead  of  attempting  any  thing  like  a  deline- 
ation of  the  movements  of  the  subtile  matter,  by  which  this 
new  distribution  of  lumeniferous  excitement  is  effected,  which 
may  be  done  once  for  all,  when  the  molecules  of  some  doubly 
ri-fractive  crystal.s  hhall  have  l)een  constructed,  or  imagining 
prometrical  confetruclions  to  explain  the  phenomena,  which 
has  been  well  cnou'jli  done  already,  it  may  only  l>e  remarked, 
in  general,  that,  when  a  perfect  ray  of  li^lit  is  incident  u|X)n 
a  polarized  pile  of  moltvulcs,  except  in  the  direction  of  the 
axes  of  no  polarization  of  the  molecules,  two  rays  are  institu- 
ted instead  of  one,  as  obtains  in  the  radiant  and  other  tcssular 
media,  consecutive  to  each  other,  and,  c<msequently,  at  their 
emerging  into  the  radiant  medium  again,  two  ethereal  rays 
are  developed,  the  etl«^es  of  the  molecules  l)eing  in  transverse 
planes.  One  of  these  rays  may  l)e  regarded  as  the  atomic  or 
ordinary,  and  the  other  the  molecular,  unusual,  or  extraordi- 
nary. The  direction  of  the  atomic  ray  is  always  determined 
by  the  direction  of  the  original  ray,  and  the  action  of  the  illu- 
Dunatcd  atomic  hemisphere,  which  has  been  already  conceived 
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aftd  explained.  Tiie  direction  of  the  molecular  ray  is  deter-^ 
milled)  not  by  its  relatioii  to  the  surface  on  which  it  happens 
to  be  incident  (whidi  is  the  equator  of  the  atomic  refracting 
morement))  bat  to  the  equator  of  the  molecule. 

Both  the  ray%  like  those  in  a  perfect  ray  of  radiant  matter, 
are  equal  m  quantity ;  and  like  them,  also,  they  are  of  con- 
secutive polarity,  and  must  therefore  develope  rays  in  the  ra- 
diant medium,  singled  in  opposite  planes.  The  atomic  or 
ordinary  ray  (though  it  is  to  be  remembered,  that  it  is  ordi- 
nary only  in  as  far  as  its  refractions  obey  the  ordinary  law  c^ 
the  sines)  gives  rise  to  a  ray  in  the  radiant  medium  on  the 
emergent  ade,  having  its  edges  in  the  same  direction  as  if  it 
had  been  singled  by  reflection.  The  molecular,  or  extraordi- 
fiafy  my,  gives  rise  to  an  ethereal  ray,  having  its  edges  singled 
as  if  by  transmission  through  a  singling  pile ;  and  this  ray  is 
found  upon  either  ride  of  the  other,  in  the  plane  of  the  axes 
of  the  crystalline  molecules,  according  as  the  external  current 
in  these  is  fiom  the  equator  to  the  poles,  or  from  the  poles  to 
the  equator  (figs.  19  and  20).  The  plane  of  the  edges  of  one 
df  the  rap  is  always  parallel  to  the  equator  of  the  crystalline 
molecules;  of  the  oither,  to  the  axis.  The  bifurcation,  oonse* 
quently,  always  takes  place  in  the  plane  of  the  axis,  whidi  is 
named  die  prindpal  section  of  the  pile  or  crystal. 

All  crystalline  bodies  which  are  destitute  of  tessular  forms, 
present  in  a  greater  or  less  degree  the  phenomena  which  have 
now  been  noticed :  and  on  tessular  crystals,  and  transparent 
masses  not  possesang  individuality  of  form,  they  may  be  in- 
duced  by  changing  the  condition  of  the  matter  in  different 
parts,  as  by  temperature  or  compression.  In  no  body,  how* 
ever,  are  they  exhibited  so  eminently  as  in  calcareous  spar 
or  the  Gu4x)nate  of  lime.  This  beautiful  mineral  occun  crysi. 
taliifised  in  hundreds  of  different  forms ;  but  all  the  forms, 
when  broken  down,  yield  fragments  which  are  all  similar, 
being  rhomboids  with  angles  of  lOS""  5'  and  74''  B5'\  the  exact 
dimenrions  depending  on  the  temperature  in  which  they  ore 
examined.  As  the  heat  is  raised,  they  approximate  the  tes- 
sular form,  in  consequence  of  the  diminution  of  the  cdiesion 
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(vhicb  ctuoed  m  denation  from  Uie  tettular),  and  an  exhU 
laradon  of  electricity,  which  tends  to  develope  the  teiauUr  ie> 
riea.    The  axk  of  such  a  rbcmiboidal  fragment  is  the  line  join- 
ing the  tjmmetrical  angles.     When  a  pencil  of  common  light 
is  loeideBt  in  any  manner  upon   the  natural  face  of  such  a 
flMNBbaid,  it  is  remarked,  that  two  immediately  make  their 
appearance  in  the  crystalline  medium,  both  of  which  always 
linvciae  the  axis ;  so  that,  in  whatever  way  the  crystal  is 
tiinied  dwut,  they  sympathise  with  the  motion,  and  are 
alwaya  eonstituled  in  a  plane  which  contains  the  axis  and 
the  short  diagonris  of  the  c^posite  faces,  that  is,  in  the  prin- 
a^Md  aeetion.    Even  when  the  ray  is  incident  vertically  on 
any  of  the  natural  faces  of  the  rhomboid,  two  make  their  a:j^ 
peaianee  in  the  crystal,  one  of  which,  the  atomic,  ordinary, 
or  iion»al,  is  not  solidted  from  the  vertical  by  any  force,  and 
proceeds  without  refraction ;  the  other  is  drawn  away  from 
the  axis,  as  if  by  a  current  sweeping  it  towards  that  pole 
to  which  it  is  already  most  contiguous.     If  any  number  of 
fays  be  incident,  however  much  scattered  and  confused,  those 
developed  in  the  spar  are  all  reduced  to  parallel  planes, 
wUch  are  so  many  principal  sections  of  rhomboids  smaller 
than  the  mass,  in  a  parallel  position,  and  involved  as  parts  of 
the  whole.     On  whatever  side  of  the  rhoinboid  the  incident 
light  is  applied,  the  success  is  the  same.    As  rays  of  light  can 
only  be  constituted  in  particular  ways  in  the  radiant  medium, 
which  depend  on  its  structure  and  polarity,  so,  in  tliis  crystal 
they  are  developed  according  to  its  specific  structure.    When 
the  incident  ray  is  vertical,  the  two  constituted  in  the  crystal 
aootain  an  angle  of  6°  i^  \  so  that,  even  in  a  small  mass, 
the  remarkable  phenomenon  is  very  obvious.     If,  however, 
the  syoimetrical  or  obtuse  angles  be  polished  away,  or  other 
means  taken  for  constituting  a  pencil  parallel  to  the  axis,  a 
vertical  ray  gives  no  double  refraction  ;  and  the  same  hap- 
pens if  a  vertical  ray  be  sent  upon  a  plane,  found  by  cutting 
away   two  opposite    lateral   edges,  and  replacing  them   by 
trsnsparent  surfaces  parallel  to  the  axis.     But  in  these  direc- 
tions, in  which  the  axis  and  the  equator  of  the  molecule  are 
diseovered,  when  the  incident  ray  is  not  perpendicular  to  the 
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relracting  surrace,  and  in  all  other  positions,  two  rays  appear 
separated  by  a  larger  or  smaller  angle. 

If  now  we  recur  to  the  apparatus  formerly  suggested,  when 
illustrating  the  singling  of  light,  and  cause  the  sunbeam,  in- 
stead of  falling  directly  upon  the  surface  of  the  water  at  the 
singling  angle,  first  to  traverse  such  a  rhomboid,  whose  prin* 
cipal  section  is  in  the  plane  of  incidence,  it  will  be  found  that 
the  atomic  ray,  or  that  which  obeys  the  ordinary  law  of  re^ 
fraction,  is  readily  reflected  from  the  surface  of  the  water, 
while  the  other  penetrates  it  entirely.  The  extraordinary  ray, 
then,  has  the  edges  of  its  molecules  parallel  to  the  axis  of  the 
rhomboid  or  its  molecules,  the  ordinary  ray  to  the  equator  of 
the  molecules. 

When  the  rays  that  have  thus  been  developed  in  one  rhom- 
boid are  received  upon  a  second,  the  phenomena  which  en- 
sue depend  upon  the  position  of  the  latter.  When  the  princi- 
pal sections  of  both  are  parallel,  no  change  in  the  structure  of 
either  of  the  rays  is  produced.  They  are  already  shaped  for 
transmission.  They  are  only  separated  farther,  and  to  the 
same  amount,  as  if  they  had  penetrated  one  rhomboid  equal 
in  thickness  to  both.  Nor  does  it  make  any  difference  thoiig^ 
the  lumeniferous  excitement  may  have  been  conducted  through 
a  considerable  breadth  of  radiant  matter  lying  between  the 
rhomboids ;  for  of  all  transparent  media,  the  radiant  matter  is 
the  most  passive  conductor  of  a  symmetrical  ray  of  light.  If 
one  of  the  rhomboids  be  now  inverted  upon  the  other,  so  that 
their  principal  sections  are  still  parallel,  but  their  axes  form  a 
zigzag  line,  the  structure  of  the  two  rays  remains  the  same,  but 
the  second  rhomboid,  if  of  the  same  magnitude  as  the  firsts 
brings  them  to  an  incidence  again ;  and  thus  a  prism  of  calca- 
reous spar  may  be  constructed  of  any  depth,  consisting  of  inter- 
vals of  no  double  refraction,  and  half  intervals  of  double  refrac- 
taon.  When  the  second  rhomboid  is  placed  so  that  its  principal 
section  is  at  right  angles  to  that  of  the  first,  it  is  necessary  for 
each  ray  emerging  from  the  first,  that  it  may  continue  its  for- 
mer position  in  the  molecules,  now  placed  in  t  ran  verse  posi- 
tions, to  have  its  edges  transversed  (viewing  it  as  an  ethereal 
ray) ;  and  so  on,  rhomboid  after  rhomboid,  the  same  ray  is 
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alwajs  found  with  iu  edges  parallel  to  the  equator,  and  the 
other  paraUd  to  the  axis  of  the  molecule  or  the  axis  of  the 
rfaomboid.  Did  this  transversing  not  take  place,  the  polarity 
of  the  ray  would  be  dianged  at  each  transmission. 

In  the  quadrants  between  the  parallel  and  rectangular  po- 
sitioos  of  the  principal  sections,  each  of  the  single  rays  gives 
rise  U>  two  which  pursue  the  only  patlis  by  which  they  can  be 
tnmflnitted  in  such  a  medium.  Their  quantity  is  equal  when 
the  principal  sections  are  inclined  at  an  angle  of  45",  and  at 
other  angles  that  predominates,  which  is  conformed  most  easily 
to  the  equator  or  axis  most  contiguous  to  the  incident  ray. 
ThuB,  by  means  of  two  rhomboids,  a  pencil  of  common  light 
beoomes  the  origin  of  four ;  but  by  means  of  one  only,  it  may 
giTe  riae  to  no  fewer  than  seven,  as  lias  been  shown  by  M. 
Mai  us,  and  this  will  serve  to  illustrate  all  the  piienomena. 

Let  there  be  a  rhomboid  of  calcareous  spar,  tig.  £9.,  whose 
axis  is  AB,  and  let  a  pencil  of  common  light  be  incident  at 
i^  and  not  in  the  plane  of  the  principal  section,  ]\sn  of  it 
will  be  reflected  in  the  direction  b  m.  Two  be  and  b^  will 
be  constituted  in  the  principal  section  of  the  crystal,  and,  ex« 
cept  at  a  certain  angle,  each  of  these  will  give  rise  to  three,  one 
in  the  radiant  ee  and  ^^,  and  two  reflected  l>ack  into  the  crys. 
tal,  which  enter  the  radiant  at  the  su[)erior  surface.  If  the 
angled  pencils  traverse  the  riiomboid  at  such  nn  aiif^le  that 
they  both  fall  upon  the  inferior  suHaco  at  tho  sin;^rm<r  angle, 
which,  however,  cannot  be  accurately  the  case,  then  the  mole- 
cular  or  extraordinary  ray  becomes  wholly  emergent,  l)eing 
incapable  of  reflection. 

The  circumstance,  that  these  two  singled  |M.*ncils  have  dif- 
ferent directions,  one  proceeding  in  a  coursi*  more  favourable 
for  deep  transmission  than  the  other,  brings  it  to  pass  some- 
times, that  one  of  the  singled  {K>nciis  is  stifled  and  lost  long 
before  the  other,  so  that  a  plate  of  the  singling  substance  re- 
mains pretty  trans|)arent,  while  it  ultimately  tran>n)its  a  ray 
singled  only  in  one  plane,  as  if  it  were  a  pile  of  glass  [)lates, 
as  in  (Fig.  28).  This  is  the  case  with  agate  and  other  sub* 
stances,  but  none  possesses  this  property  more  remarkably 
than  the  coloured  varieucs  of  the  tourmaline,  which  renders 


124  OF  PHYSICAL  OPTICS. 

Whether  it  be  capable  of  indicating  a  violet  colour,  or  a  yel- 
low, by  looking  upon. the  path  of  the  ray  we  cannot  tell ;  in 
all  cases  the  ether  remains  perfectly  limpid.  But  a  white 
body  terminating  it,  or  illuminated  by  it,  will  immediately 
ghew  the  mean  or  resultant  colour  of  the  light  by  which  it  is 
illuminated  ;  for  it  has  no  power  of  acting  irregularly  upon 
the  incident  light,  but  sustains  or  reflects  as  many  rays  of 
one  colour  as  it  does  of  another;  and,  oonsec|uently,  by  its 
tint  perniits  the  nature  of  the  incident  light  to  be  announced 
in  the  eye  as  faithfully  as  if  it  had  not  suffered  reflection. 
If,  then,  we  have  any  means  of  separating  a  pencil  of  white 
light  into  its  constituent  rays,  a  white  body  placed  to  receive 
its  parts  will,  by  its  colours  in  difl*erent  regions,  indicate  the 
constitution  of  white  light  faithfully. 

Now,  it  is  a  very  easy  matter  thus  to  separate  a  common 
sunbeam,  and  to  examine  it  in  a  state  of  separation,  as  far  aa 
our  eyes  will  serve  us ;  for,  in  consequence  of  the  different  in- 
tensity of  directive  force  possessed  by  the  different  parts  of  a 
ray  of  common  light,  some  of  them,  in  traversing  the  refract- 
ing lamina  of  a  transparent  substance,  sufier  a  greater  deflec- 
tion towards  the  perpendicular  than  others ;  and  hence  they 
may  at  once  be  separated  by  transmission.  Thus,  suppose  a 
ray  R  (Fig.  80),  to  be  incident  obliquely  upon  the  medium 
A  B,  immediately  on  encountering  the  refractive  force  its 
parts  are  dis])ersed.  The  central,  and  that  whose  directive 
force  is  the  strongest,  passes  most  directly  through.  The 
others,  according  to  their  distance  from  this,  are  bent  more 
and  more  towards  the  perpendicular.  If,  however,  the  second 
surface  be  parallel  to  the  first,  all  the  Unts  emerge  parallel  to 
tlve  former  direction,  and,  consequently,  to  each  other.  The 
rays,  therefore,  resume  their  position  of  symmetry,  and  the 
light  remains  white,  as  previous  to  transmission.  But  by  de- 
stroying the  parallelism  of  the  two  refracting  surfaces,  the 
dispersion  will  be  greatly  increased ;  and  in  proportion  as  each 
part  was  deflected  towards  the  perpendicular,  at  the  first  sur- 
face of  the  medium,  having  to  encounter  the  same  power  at 
the  second,  reversed,  and  acting  in  an  opposite  direction,  it 
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will  be  idD  farriMT  ddleelcd  ftom  its  eourie  of  iocickiiep.  la 
dm  way,  bj  traDMiritting  a  oomowD  pencU  of  peif c^ 
l^t  dmragb  a  priHD  or  cjlindcr  of  any  dcnte  tubitaiiop,  at 
f^bt  angfet  to  the  axiii  without  paHtiig  through  it»  the  whole 
ii  renlved  inlo  its  eootlitiifnt  parte.  Comequoidy  the  hi- 
Bwniff  WHM  eMJtemeat  ie  conducted  without  change  of  chitac- 
tarthroogh  dia  ladtaat  natter  on  the  otheriide,  and  a  winte 
iMdy,  vUch  intewepte  the  rajs^  ie  painted  m  at  meoy  eoloura 
iaa  tte  eye  en  dutwigmwi*  That  wMch  it  leait  ivAactedt  it 
«feomniottcantiguoot  to  the  angle  of  the  prim  employed 
in  jnimamg  the  tpectnun,  and  that  mott  highly  nfracted 
Ibma  the  other  extrenrity. 

Viewing  lomiaoot  end  ilhmunatcd  olgeeli  in  this  way, 
duoogh  pritmt  applied  to  the  eje^  we  find  that  none  of  thna 
iaIIlaBBinated  by  homogmeout  light ;  and  that  all  the  ooloart 
«f  ■atunl  hodiet  reoogniaed  by  the  eye,  howerer  nmple  and 
— twatpoiindfd  they  teem,  are  leally  letultaat  tints.  The 
«aat  perfect  diiplay  of  colourt  which  can  beobtained,  it  by 
itauliing  a  pencil  of  tolar  light  into  itt  partt  by  a  prism,  and 
meeifiPg  the  dispersed  my  on  a  white  surface.  DiffcraH 
flmdto  are  indeed  obtained,  according  to  the  nature  cf  the 
sobetance  uiied  for  dispersion.  Some  give  pictun*ft  of  the 
sun,  for  instance,  two  or  three  times  as  much  lengthened  by 
Stpeffioa  89  othera ;  but  glass,  though  not  very  eminent  for 
its  dispernre  powers,  is  commonly  used  as  in  other  experi. 
It  is  a  substance,  indeed,  of  very  variable  quality, 
it  is  quite  rare  to  6nd  any  considerable  mass  which  is  of 
density  and  structure  throughout ;  but  its  great  lim- 
pidity, itt  considerable  refractive  power,  its  freedom  from  a 
ptfavised  stete  when  carefully  annealed,  and  its  admitting  so 
wcD  of  being  ground  and  polished  in  any  form,  render  glass 
iavaluiMe  in  optics. 

When  a  solar  ray,  then,  is  dispersed  by  a  glass  prism,  with  the 
angle  of  its  refracting  surface  parallel  to  the  horizon,  we  ought 
lo  have,  upon  a  white  screen  placed  to  receive  it,  an  image  of 
the  suOy  constituted  lowest  down  of  light  from  the  central 
pvt  of  the  incident  ray,  which  we  know  already  to  be  desti- 
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tute  c^  chromatic  excitement,  and  therefore  incapable  of  being 
detected  by  its  colour.  It  has,  however,  been  detected  in  a  sa- 
tisfactory manner  by  the  thermometer.  Then  follows  a  saies 
of  colours,  from  red  to  violet,  which  are  insulated  or  blended 
more  or  less  completely,  according  to  the  magnitude  of  the 
incident  pencil.  It  seems  impossible,  however,  by  this  ex- 
periment, to  ascertain  bow  many  colours  actually  enter  into 
the  constitution  of  a  ray  of  white  light.  Newton,  to  whom 
science  owes  these  discoveries,  believed  that  there  were  seven 
colouNmaking  rays  in  one  of  the  sun^s  light.  Other  phi- 
losophers have  fixed  upon  five,  four,  and  three ;  they  seem 
to  be  infinite,  and  they  all  pass  into  each  other. 

There  are  five  colours,  however,  which  perform  more  im- 
portant parts  in  nature  than  others,  and  it  is  easy  to  satisfy 
one^s  self  that  there  are  no  others  in  the  spectrum.  These  are 
Red,  Yellow,  Green,  Blue  and  Violeti  The  spaces  whiob 
they  occupy  respectively,  depend  upon  the  nature  of  the  dis- 
persing prism ;  but  the  more  complete  the  disperaoo,  the 
more  are  the  dark  colours  dilated.  There  is  little  reason  to 
believe  that  the  solar  spectrum  consists  of  individual  parts,  as 
a  ray  of  solar  light  does ;  it  is  very  probable  that  the  differ- 
ent rays  immediately  upon  emergence  react  upon  each  other, 
in  the  attempt  to  resume  a  condition  of  symmetry.  The 
spectrum  is  more  probably  an  exhibition  of  discord  than  <^ 
harmony ;  but  it  is  well  worthy  of  the  consideration  of  philo- 
sophers, whether  atoms  of  radiant  matter,  or  of  other  bodies, 
when  acting  upon  each  other,  do  not  observe  certain  intervals 
analogous  to  those  of  vibrating  chords.  That  such  was  tb^ 
case,  Newton,  who  had  perhaps  a  more  comprehensive  and  dear 
view  of  the  economy  of  nature  than  any  other  man,  believed 
80  firmly,  that,  having  found  the  breadths  of  the  colours,  ia 
the  spectrum  which  he  measured,  to  correspond,  (and  wh«« 
the  confines  of  the  odours  are  so  indefinite,  the  correspon- 
dence is  not  wonderful),  with  the  intervals  of  the  minor  di». 
tonic  scale  in  music,  he  rested  satisfied,  without  suspecting 
that  different  spectra  assigned  different  breadths  to  the  same 
colours. 
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It  migbt  be  expected  that  such  dettnictioo  of  the  ■ymincf  r  j 
of  a  pencil  of  white  light,  as  is  imphed  in  developing  a  solar 
ipectnun,  should  be  aooompanied  with  great   interference, 
and,  consequently,  the  production  of  many  dark  lines  among 
the  colours.    The  naturally  penetrating  portions  of  the  in- 
cident imy,  however,  vizd-— Those  which  have  the  edges  of  tlie 
molecules  vertical,  supposing  the  axis  of  the  prism  horisontal, 
will  not  be  subject  to  interfere.    For  if  they  are  once  consti- 
tuted on  the  chromatic  nde  of  the  prism,  those  which  are  simi- 
larly excited,  and  capable  of  interfering  when  the  difference  of 
tlielei^;th  of  their  paths  is  half  an  interval,  cannot  bend  in  the 
planes  of  refraction  in  which  chiefly  the  symmetry  has  been 
deatfoyed,  so  as  to  meet  in  a  point  in  which  one  molecule  is 
common  to  two  rays.      They  rather  diverge  and  arrive  at  the 
white  akreen  without  interference,  expanding  and  illuminating 
the  spectnmi.     But  those  whose  edges  are  horixontal,  or  pa- 
lallel  to  the  axis,  or  refracting  edge  of  the  prism,  will  be  very 
sttlgect  to  interference,  being  easily  flexible  in  the  direction  in 
which  the  refraction  is  made,  and  being  in  such  a  state  of 
unaymmetrical  relationship,  that  efforts  will  be  constantly  made 
to  change  the  condition  then  existing.     Now,   in  Fraiin- 
hofer^s  spectrum,  that  most  acute  ob8cr\'cr  has  drawn  nearly 
GOO  dark  bands  across  the  spectrum,  which  he  saw  with  his 
tdeooope ;  and  those  who  have  not  seen  them  do  not  d(>ul)t 
of  their  existence.     They  are  by  for  most  nunieruiis  towards 
the  dark  end  of  the  spectrum,  partly  because  of  the  weakness 
of  the  directive  force  of  the  ethereal  rays  there,  and  partly  on  ac- 
ootmt  of  the  denseness  of  the  lumeniferous  parts  of  the  medium. 
Their  existence  seems  to  be  explained  by  the  views  whidi 
have  now  been  advanced ;  and  the  truth  of  these  views  might 
be  tested  by  forming  a  spectnmi  of  white  light,  singled  by  trans- 
arinrami  through  a  pile  of  glass  plates,  or  by  the  extraordinary 
my  of  rhomboid  having  its  principal  section  at  right  angles  to 
the  reflecting  edge  of  the  prism.     In  this  case,  all  the  edges 
of  the  lumeniferous  molecules  would  be  parallel  to  the  axis  of 
the  spectrum,  and  if  the  transverse  bands  appeared  as  before, 
their  cause  is  yet  undiscovered.     The  coburs  whkh  are  thus 
pictuml  by  a  dispersed  ray  of  the  sun^s  light,  received  on  a 
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white  screen,  possess  very  diiFerent  illuminating  powers  to 
our  eye^,  those  between  the  orange  and  green  being  by  far 
the  most  efficient.  From  this,  which  is  generally  much  nearer 
the  red  than  the  violet  end  of  the  spectrum,  the  illuminating 
power  gradually  abates,  as  indicated  by  Fraunhofer. 

It  is  not  to  be  wondered,  then,  that  the  spectrum  should 
produce  the  same  phenomena  as  a  peculiar  sort  of  voltaic 
combination,  even  though  we  were  to  suppose  that  the  ex* 
ternal  and  central  parts  of  a  ray  of  solar  light  were  in  the 
same  galvanic  state.  The  dissimilarity  of  their  state  of  ex- 
citement, however,  as  has  been  already  shewn,  will  produce 
the  result,  that  the  constituent  hollow  prisms  surrounding 
the  central  one  act  upon  each  other  as  if  they  were  dissimilar 
substances,  and  that  the  central  portion  or  axis  must  be  po«- 
tive,  and  the  circumference  negative ;  and  these  states  will, 
no  doubt,  be  continued  after  transmission.  That  the  chemi- 
cal  agency  of  the  spectrum,  under  any  hypothesis,  should  ex. 
tend  beyond  the  region  visible  to  our  eyes,  is  nothing  wonder, 
ful.  Perhaps  experiments  might  be  devised  with  nocturnal 
animals,  which  would  lead  us  to  discover  to  what  region  of 
the  radiant  medium,  excited  by  the  transmission  of  a  solar 
ray,  their  spectrum  belongs. 

The  resolution  of  white  light  into  its  constituent  tints,  by 
transmission,  is  the  cause  of  many  of  the  mosf  beautiful 
colours  in  nature,  though,  probably,  it  will  be  found  that  the 
doctrine  of  unequal  refraction  has  been  extended  to  explain 
phenomena  arising  from  other  causes.  As  we  descend  in  the 
ocean,  the  colour  of  the  water  successively  changes  from  green 
to  yellow,  and  ultimately  to  red  ;  the  lumeniferous  excitement 
of  the  different  rays  of  the  sunbeam  being  successively  quench, 
ed  during  the  transmission,  according  to  their  weakness  c^ 
directive  energy.  The  same  happens  in  the  atmosphere.  In 
a  fog,  the  lamps  in  a  city  bum  with  a  red  light,  and  when 
the  sunbeams  are  transmitted  through  dense  air,  as  at  sun- 
set, the  clouds  lying  in  the  line  of  the  transmitted  rays  often 
exhibit  the  same  tints,  of  most  ethereal  brightness. 

But  the  partial  destruction  of  white  light  by  transmission, 
seems  inadequate  to  explain  the  colours  of  most  solid  bodies. 
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which,  in  their  derdapment,  indicate  the  bws  of  polarized 
subtile  matter  to  peHcctly*  a§  to  leave  fK>  doubt  tliat  they 
arise  from  the  formation  of  chromatic  axes,  whose  consecu- 
five  poles  are  recognised  as  complementary  colours.     It  be 
comes  valuable  to  {x>s.^ess  a  character  by  which  the  polarized 
tints  may  be  distinguished  from  those  which  seem  to  anM.* 
mote  mechanically  from  the  refraction  of  white  light,  incidiiit 
at  the  surface,  which  appears  coloured.    Now,  this  test  we  pos- 
sess in  the  fact  that  bodies  which  are  coloured  by  their  chro- 
matic polarity,  must  transverse  the  ray  wliere  they  intercept 
it,  ao  that  on  opposite  poles  of  the  chromatic  axis,  it  nuist  be 
angled  in  opponte  planes  like  the  pencils  of  a  doubly  refract- 
ing  crystal ;  for  it  has  been  already  shewn,  in  reference  to 
the  structure  of  a  molecule  of  light,  that  transverse  edges  im- 
ply consecutive  polarities.     The  same  principle  extends  very 
broadly  over  the  whole  aspect  of  nature,  and  relieves  the  study 
of  diromatics  of  a  hypothesis,  the  conception  and  development 
of  which  has  demanded  too  high  an  achievement  of  genius  to 
be  true.     If  this  transversing  could  be  explained  as  a  me- 
chanical twisting  of  the  pencil  during  its  transmission  thnmgh 
die  piste  which  exhibits  the  consecutive  colours,  it  would  not 
be  necessary  to  innovate  upon  the  dcK'lriiu*,  wiiioli  n'jjards 
the  transmitte<i  tints  riniply  n^  n  continuation  of  the  iniidcnt 
pencil,  deprived  of  certain  colours  that  up*  (iet^iincd  on  the 
side  of  incidence.     This  concepticm   approve   it^e.f  to  the 
mind  by  Its  simplicity,  and   it  seems  aUo  not  iiii>iiital)le  to 
the  radiant  mechanism  which  ha^  liecn  presumed  in  this  work. 
But  were  this  the  cause  of  complementary  colours,  the  trans- 
mitted rays  ought  to  he  singled  at  right  angles  to  tiie  n  Hicted 
rays,  wbereas  they  are  found  to  he  sint^led  parallel  to  the  re- 
flected rays,  that  is,  at  ri<;ht  angles  tu  the  {RMietrating  |)art  of 
the  incident  ray.     This  circumstance  marks  a  very  im])ortant 
difdnction  between  two  clas>e8  of  colours.     One  is  a  more 
■echanical  phenomenon,  in  which  gross  IxMlies  are  coloured, 
amply  because  they  intercede  rays  of  light,  which  are  (lis. 
pened  and  deprived  of  certain  tints  necessary  to  whiteness  a: 
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their  surfaces.  The  otlier  is  a  true  colour  on  a  gross  bodj 
itself^  arising  from  the  state  of  free  polarity  in  which  its  own 
light  exists,  and  requiring  only  a  pencil  of  white  light  to  an- 
nounce it.  In  this  white  light  the  colour  acts  upon  the  ray& 
of  its  own  kind^  according  to  the  laws  of  subtile  matter, — 
repels  them  towards  the  eye,  and  renders  the  surface  visible 
in  its  true  tint.  If  the  pencil  incident  upon  it  do  not  contain 
tints  of  its  own  kind,  it  remains  dark,  or  its  colours  are  some- 
what changed  by  induction,  so  that  it  becomes  capable  of  being 
somewhat  illuminated  by  the  incident  pencil,  appearing  hornet 
geneous  with  it.  This  induction  generally  lasts  only  during 
the  time  when  it  is  under  the  unnatural  exposure.  But  some 
bodies  which  are  much  under  the  influence  of  extrinsic  light,, 
such  as  the  chloride  of  silver,  seem  to  sustain  the  colour  which 
has  been  induced  upon  them,  till  it  is  changed  by  another 
induction,  or  some  agency  affecting  the  electrical  state  of  the 
substance,  and  altering  the  character  of  its  chromatic  axis. 

I  suppose,  then,  that  when  a  ray  of  common  light,  in  its 
most  natural  or  symmetrical  state,  arrives  at  an  opaque  body, 
it  is  met  by  that  body's  superficial  light  in  a  state  €>f  free  pa> 
larity,  with  a  force  depending  on  the  constitution  of  the  body, 
and  those  rays  of  the  common  light  incident  upon  it  are  re- 
pelled or  reflected,  which  are  of  the  same  Unt,  and  thus  indi- 
cate the  colour  of  the  body  to  the  eye.  The  other  tints  of 
the  common  light  being  dissimilar,  are  not  repelled,  and,  ar- 
riving close  upon  the  claque  body,  transfer  their  excitement 
to  it,  so  as  to  excite  it  to  a  greater  or  less  depth. 

If  we  could  see  the  whole  of  a  perfect  chromatic  axis,  in- 
sulated, so  as  not  to  induce  colour  on  contiguous  bodies,  tbe 
principal  tints  which  it  would  display  on  both  hands  of  the 
central,  neutral,,  or  achromatic  region,  would  be  yeUow  and 
led  towards  the  positive  pok,  violet  and  blue  towards  the  n*» 
gative,  the  central  region  being  destitute  of  colour.  Suppont- 
now  such  an  axis  to  be  divided  in  the  middle,  and  thereby 
resolved  into  two  subordinate  axes ;  the  yellow  must  now  be* 
come  the  consecutive  pole  to  the  red,  changing  to  green  or 
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blue,  while  a  neutral  region  is  opened  up  between  them.  In 
the  other  subordinate  axis,  consisting  of  violet  and  blue,  the 
Ti«>Iet  mu8t  obviouftly  become  the  conwcutive  |X)ie  to  th? 
Muc,  passing  thnnigh  crimson  to  red,  and  leaving  a  neutral 
interval.  Thus  these  two  suliordinatc  axes,  supposing  them 
still  contiguous,  arc  arranged  with  consecutive  {loles  op|x). 
Bte,  as  it  ought  to  be.  By  tlie  phenomena  of  the  sulKiivivi«in 
of  a  perfect  chromatic  axis,  then,  we  see  tiic  relation  of  yel- 
low to  blue,  and  of  violet  to  red.  Such  an  axis  may  in  a 
manner  be  rc^rded  as  compounded  of  two  of  e(|ual  length, 
ooc  positive,  tlic  other  negative,  both  overlapping  each  other, 
lo  that  they  may  not  destroy  each  other^s  polarity, — that  is, 
one  pole  of  the  negative  axis  occupying  the  neutral  region 
of  the  positive  axis,  and  one  p)le  of  the  (XMUtive  axis  cxriipy- 
ing  the  neutral  region  of  the  negative  axis.  The  negative 
axis  iDcludes  the  blue  and  yellow  uilours,  the  latter  being 
the  positive  pole ;  the  positive  axis  includes  i\^c  red  and  vio- 
let,  the  former  being  the  positive  pole. 

A  perfect  axis,  Ijesidi'S  these,  contains  compound  tints, 
such  as  orange  and  indigo;  the  former  of  which  is  the  re- 
sultant tint  of  the  two  positive  poles  red  and  yellow,  the 
latter  of  the  two  negative  {loles,  violet  and  blue. 
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Thus,  let  AB  be  a  chromatic  axis,  whose  light  is  not  free 
to  display  all  the  tints,  in  consequence  of  the  electro-positive 
state  of  the  forms  in  which  it  is  evolved ;  one  aspect  is  red^ 
the  other  violet,  and  probably  the  intermediate  region,  instead 
of  being  neutral,  is  crimson.     Let  C  D  be  an  axis  under  elec- 
tro-negative influence,  from  similar  circumstances  yellow  is- 
on  one  aspect,  blue  on  the  other,  and  probably  the  mass  i» 
green.     Let  now  the  ekctric  state  of  both  be  brought  to  qui- 
escence by  overlapping,  but  the  colour  preserved  by  the  re- 
sultant axis  being  expanded,  as  in  A  C  B  D ;  we  have  now* 
a  perfect  chromatic  axis  displajring  red,  yellow,  and  a  resultant 
orange,  on  one  side ;  then  a  neutral  plane,  then  violet,  and  blue, 
with  a  resultant  indigo,  on  the  other  side.    If,  then,  a  positive 
and  negative  axis  be  applied  to  each  other,  so  that  the  pole  of 
the  one  is  applied  to  the  neutral  region  of  the  other,  as  de- 
scribed, the  chromatic  arrangement  becomes  perfect,  and  the 
axis,  if  made  to  revolve  very  rapidly  round  its  neutral  part, 
would  produce  the  sensation  of  whiteness ;  but  two  perfect 
axes,  symmetrically  overlapped,  and  in  positions  conformable 
to  the  laws  of  polarized  action,  if  made  to  rotate,  would  pro- 
duce a  coloured  fringe,  consisting  of  concentric  circles,  the  in- 
nermost of  which  is  violet,  the  next  indigo,  then  blue,  then 
green,  then  yellow,  then  orange,  then  red ;  the  indigo,  green, 
and  orange  being  resultant  or  induced  lints.     The  extreme 
red  would  also  induce  a  tendency  to  violet  contiguous  to  it^^ 
for  this  is  the  negative  pole  of  the  red  axis ;  hence,  when  a 
red  pole  is  strong,  it  will  be  apt  to  produce  a  scarlet ;  and  the 
blue  pole  consecutive  to  it,  and  which  forms  its  true  negative 
pole,  must  sympathise  in  its  tint.     A  strong  blue  pole  again, 
where  it  has  a  neutral  space  around  it,  will  be  apt  to  induce 
upon  that  region  the  consecutive  pole  of  the  blue  axis,  that 
is,  yellow,  and  to  produce  the  sensation  of  green,  with  which 
the  consecutive   red  must  sympathise.     Thus,  in  a  region 
where  a  strong  red  pole  predominates,  the  tints  will  be  scarlet^ 
and  its  corresponding  blue  ;  where  the  blue  pole  predominates^ 
they  will  be  green,  and  its  corresponding  red.     Where,  then,, 
there  is  a  series  of  chromatic  axes  that  are  more  or  less  con> 
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mutt  teoB  gnm,  and  •  dtdl  red.  On  intcnrnlt 
to  tbe  touAtt  and  pcMitive  Rgioo  also  there  miMt 
,hn  jdov ;  on  intervals  eontiguous  to  the  green  and  negative 
jejpon,  thetemust  be  an  indigo  tint  To  iUintrate  theee  vieve 
Jea  deCafl  woold  tequire  moch  space.  Bui  as  thry  have  been 
tiicj  vitt  be  earilj  eonpared  with  the  principles  of 
action  abcady  slated,  and  they  will  be  found,  by 
w)io  take  die  pains,  to  wd  b  the  explanation  of  tho 
eulumed  ftinges  of  object-glasses  and  crystalline  plates. 

The  chromatie  axis,  like  those  of  electricity  and  magnetisni, 
is  oompatifale  only  with  a  certaiq  length,  which  varies  in  dif- 
Jwewt  aufaslanees,  Afker  tUs^  a  repetition  of  poles  occurs 
Kt  hoirever,  there  be  no  coeicive  force  to  sustain  the  insula- 
tioo  of  the  sucoesave  poles,  the  contiguous  (ooDplementary 
oolonn  win  constantly  unite,  and  a  ray  of  light  will  pass  along 
.Ae  nzis^  without  suffering  any  diange,  as  the  nuignetic  or  elco- 
trie  polarity  is  transmitted  along  a  bar  of  iron,  or  other  con- 
ducting substance.  Yet,  s'ilt  even  the  most  [)erfcct  and  pas- 
rive  oooduction  implies  a  continuous  series  of  chruomtic  axes, 
whose  least  length  is  the  axis  of  a  radiant  atom.  This,  then, 
perhaps  be  taken  as  tbe  type  of  the  mode  in  which  oon- 
of  subtile  matter  usually  takes  place. 
We  cannot  acquire  any  kno%v  ledge  respecting  the  constitu- 
Ooo  of  the  chromatic  axis,  by  examining  opaque  bodies,  for 
oidy  one  pcde  is  exposed,  viz.,  that  on  which  the  light  is  inci- 
dent;  and  if  wc  attenuate  them  to  the  degree  to  which  they 
tnassnit  light,  the  quiescence  of  their  natural  structure,  or 
the  ontural  condition  of  their  surface,  is  destroyed. 

TUa  object  may  be  obtained,  however,  by  extending  trans- 
parooC  liquid  bodies  in  exceedingly  thin  laminae,  or  by  smardy 
SesciiiS  off  a  film  of  mica  adiiering  to  wax.  If,  in  this  way, 
WW  dbCaiD  a  fihn  whose  thickness  is  probaUy  between  five 


I 


184  OF  PHYSICAL  OPTICS. 

and  fifteenth  miUibnths  of  an  ihch^  it  will  be  splendidly  co- 
loured with  some  tint  corresponding  to  its  thickness,  and  on 
its  opposite  aspects  the  cotisecutive  tints  or  poles  will  be  found, 
a^  in  other  cases.    But  as  the  radiant  medium  itself  may  be 
ibrmed  into  chromatic  axeis,  aiid  we  are  better  acquainted 
with  its  structure  than  that  of  any  other  body,  we  may  first 
examine  the  phenomena  of  colour  presented  by  it.    When  we 
inspect  minerals  that  have  met  with  ^ux^idents,  we  often  find, 
when  viewing  thetn  in  different  aspects,  that  they  are  traversed 
with  irisated  plates,  evidently  arising  from  fissures  that  tra- 
verse them.     It  often  happens  that  a  fissure  displays  all  the 
phenomena  which  have  been  noticed  at  once,  and  thus  enables 
us  to  detect  the  drcutostances  which  produce  thetn.     Thus, 
a  fissure  is  often  propagaleS  IVom  some  face  of  a  mass  of 
carbonate,  or  sulphate  of  lime,  or  quartz,  varying  in  the 
width  of  its  opening  from  that  which  is  wide  enough  for  the 
transmission  of  air,  to  that  which  differs  but  a  very  little 
from  crys^line  contiguity.    Such  a  cavity  as  this,  to  a  great 
depth,  after  it  ceases  to  admit  common  dr,  must  continue  to 
contain  radiant  matter,  the  solid  matter  of  an  atom  of  which 
is  much  less  than  that  of  an  atom  of  vital  air,  or  of  nitrogen ; 
and  whenever  there  is  a  cavity  of  sufficient  magnitude  for 
accommodating  the  radiant  matter,  into  it  this  vapour  of  mat- 
ter will  ascend  from  the  walls  which  contain  the  vacuum,  and 
there  it  will  give  rise  to  its  specific  radiant  action.     It  does 
not  follow  that  there  is  free  radiant  matter,  however,  in  every 
cavity  from  which  colour  is  emitted,  or  through  which  light 
may  be  transmitted.     For  the  walls  of  this  cavity  being  them- 
selves nothing  else  than  concrete  radiant  matter,  may  become 
coloured,  or  transmit  light,  if  their  mutual  distance  be  not 
too  great. 

When  we  inspect  a  prismatic  or  semilenticular  cavity  in 
a  mineral,  such  as  that  which  has  been  described,  we  ob- 
serve, most  contiguous  to  the  solid  part,  a  band  reflecting 
white  light,  passing  into  a  bluish  tint,  where  it  vanishes 
in  the  solid  mineral ;  beyond  this  broad  silvery  band  there 
is  one  of  brownish  yellow,  and  another  of  brownish  purple. 
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If  the  fiflnire  be  very  snialU  this  aeriet  is  mcrrly  represented 
as  m  silvery  hand,  suoeeeded  by  a  black  or  purplish  black 
one.  After  this,  there  is  a  bright  blue  band,  a  dingy  sil» 
very  band,  and  a  yelkiw  one,  sucxseeded  by  Grimscn.  Then 
smucber  series  of  blue,  greenish  yellow,  and  red ;  a  fourth  of 
green  and  red ;  a  fifth  of  bluish  green  and  red ;  and  so  on. 
These  bands  are  broader  in  proportion  as  tlic  region  in  which 
they  are  fiound  is  thinner,  and  of  all,  the  brightest  is  the  ae- 
«ood^  whieh,  on  a  general  view,  presents  two  colours,  scarlet 
and  blue.  In  this  and  the  suoceanve  fringes,  these  tints  sym- 
patiiisc  with  each  other ;  8o  that  when  the  scariet  becomes 
doll  and  red,  the  blue  becomes  dull  and  greenish,  and  is  evan- 
escent in  the  outer  rays  before  the  other.  When  viewed  by 
transaritted  light,  tints  complementary  to  these  arc  seen  in  the 
aane  spaces;  but,  from  the  imperfection  of  their  {lolarity, 
they  arc  generally  much  lem  brigiit. 

These  coloured  rings  having  been  accidentally  noticed  by 
Newton,  when  applying  the  faces  of  two  prisms  to  each  othen 
attracted  his  attention ;  and  he  investigated  the  phenomena 
so  accurately  and  minutely,  that  liitle  has  been  added  to  the 
inquiry  regarding  their  physical  constitution,  from  h'.s  day 
to  that  of  Af.  Arago,  to  wliom  every  branch  of  science,  and 
especially  physical  optics,  is  most  dcvply  iiuiehtal.  In  re- 
ference to  these  coloiiri'd  bands,  this  ])hil(>sopher  has  brDUglit 
4o  light  some  very  imjx)rtant  circumstances.  Newton  formed 
ihe  rings  at  pleasure  between  a  plane  and  a  convex  object 
glass  of  a  very  lont(  f«)cus ;  and  M.  Arago  pnrsut^d  the  same 
method  in  his  very  interesting^  in(|uirit»s.  To  him  we  are  in- 
debted for  the  ol)i?ervations  lliat  enable  iis  to  rt^artl  these  rings 
as  true  colours,  in  the  )>nKluction  of  whieh  the  radiant  matter 
acts  the  part  of  an  o]>a([ue  or  coloured  body,  or  induces  this 
state  upon  the  dense  matter  immediately  contiguous.  If  the 
odours  on  opposite  asjx^cls  were  occasioned  by  a  reflection  of 
)jart  of  the  incident  li^^ht,  and  a  transmission  of  the  remain- 
der, the  interval  l)etween  the  glasses  merely  acting  as  a  filter, 
aocordiog  to  the  Newtonian  hypothesis,  tiie  reflected  and 
transmitted  rays  ought,  if  singled  at  all,  to  have  the  edges 
of  their  molecules  in  oppo^iitc  planes.     But  M.  Arago  found, 
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that,  when  the  rings  were  viewed  by  transmit  tedligiit,  the 
ray  at  the  eye  possessed  the  same  characters  as  if  it  had  been 
incident  on  that  tnde,  and  reflected  in  the  same  direction. 
The  ethereal  ray,  then,  interrupted  at  the  region  of  colour, 
has  its  poles  or  edges  transversed  at  that  regipn,  which  is  the 
action  of  a  true  chromatic  axis.  It  has  also  been  shewn  by 
the  same  philosopher,  that  a  pencil  of  white  light,  singled  in 
a  particular  way,  may  be  transmitted  through  the  interval 
between  the  glasses,  without  the  development  of  colours ;  and 
that  the  Newtonian  hypothesis  is  inadequate  to  account  for 
the  production  of  these  coloured  rays  *.  It  has  likewise  been 
shewn,  that  air  is  not  necessary  to  their  devclopement ;  indeed, 
it  is  extremely  probable  that  the  interference  of  air  is  a  piin- 
cipal  cause  of  their  evanescence.  Sir  William  Herschell  has 
also  proved,  that  a  transparent  medium,  through  which,  we 
may  view  the  coloured  rings,  is  all  that  is  requisite,  and  that 
they  are  produced  when  a  lens  is  laid  on  a  metallic  plate. 
They  must,  therefore,  be  formed  at  the  glass  by  the  aid  of 
radiant  matter  alone. 

The  only  series  of  radiant  atoms  which  can  transverse  the 
ray  on  opposite  sides,  are  axes  (Fig.  24),  consisting  of  1, 3, 5 
7,  9, 11,  atoms,  and  so  on,  in  the  progression  of  the  odd  num- 
bers. In  the  even  numbers,  the  extreme  edges  are  parallel,  and 
well  suited  for  a  simple  transmission.  The  first  member  of 
tlie  latter  series  is  one  molecule ;  the  second,  two ;  the  third, 
three  ;  the  number  of  atoms  being  2,  4,  6,  8,  and  so  on,  in 
the  series  of  the  even  numbers.  The  first  series,  then,  will 
be  ordinates  to  the  tangent  or  verse  sines,  in  the  progression 
1,  3,  5,  7,  9,  11;  and,  consequently,  if  they  determine  the 
coloured  rings,  the  squares  of  the  sines,  or  of  the  diameters 
of  the  rings,  in  these  very  small  arcs,  ought  to  be  in  tlie 
same  progression ;  and  this  is  found  by  experiment.  These 
deductions  as  to  numbers  have  already  been  made  by  Newton  ; 
and  they  express  the  general  laws  of  colour  rings  developed 
by  symmetrical  structures ;  for  the  same  relationship  of  the 
circular  areas  to  the  length  of  the  successive  axes  would  fol- 

•  Memoircs  Arcticil,  vol.  iii.  p.  246. 
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low,  independeDtiy  of  this  mechanum,  from  the  universal  law 
of  subtile  matter,  whicli  is,  that  its  intensity,  corres[M)nding 
to  given  distances  or  intervals  on  the  axis,  shall  be  represented 
by  areas  at  right  angles  to  tlie  axis,  which  are  expressed  by 
the  same  numbers.  Every  coloured  ring  ought  alM>  to  have 
its  oomplementary  on  the  opposite  aspect,  and  the  intensity  of 
both  ought  also  to  be  equal,  provided  the  light  be  incident 
only  on  one  side ;  for  two  poles  of  one  axis  always  tend  to 
be  equal.  But,  if  light  of  equal  intensity  be  incident  on  lK>th 
sides,  then  colour  cannot  be  developed ;  the  polarity  of  tlie 
aus  is  destroyed,  in  the  same  way  as  when  we  expose  a  bit  of 
steel  at  both  its  extremities  to  the  similar  pule^  uf  two  mag- 
nets. These  conditions  are  found  to  hold  in  experiment.  Tlie 
last,  M.  Arago  has  suggested  as  a  means  of  comparing  the 
intensity  of  two  lights ;  and  we  see  that  it  would  be  a  photo- 
meter very  independent  of  heat,  and  analogous  to  an  eU^ctro- 
meter. 

When  any  small  cavity,  then,  is  generated  in  a  pellucid  mi- 
neral, as  by  a  fissure,  it  must  l)e  speedily  filled  with  radiant 
matter,  wherever  there  is  room  for  its  atoms.  The  radiant  mat- 
ter occupying  the  cavity  will,  for  a  certain  breadtii,  exist  as  a 
lamina  one  atom  thick.  This  will  form  a  chromatic  axis,  and 
a  fringe  of  colour  will  be  displayed  by  it.  Then  tin  re  is  an 
interval  of  two  atonus  through  which  light  may  l)c  more  easily 
transmitted,  but  which,  in  favourable circumsiaiu is,  will  Ik?  co- 
loured by  induction.  Then  are  three  atoms  whicli  constitute 
another  chromatic  axis,  and  so  on  ;  the  areas  or  $({uaros  of 
the  diameter  of  the  fringes,  when  the  cavity  is  forniwl  by 
two  spherical  domes  of  very  large  radius,  In'ing  aUnys  pn)- 
portional  to  the  numbers  1 ,  3,  5,  7,  9^  11,  &c. 

This  opacity  and  a)lour,  which  is  communicated  by  thin 
plates  of  radiant  matter  to  the  transparent  walls  which  confine 
them,  is  also  induced  on  all  transparent  Ixxlies  when  they  arc 
reduced  to  laminae  of  great  thinness ;  and,  |KThap£,  this  me- 
tliod  might  be  of  great  value,  in  enablintr  us  to  discover  the 
colours  of  the  particles  of  Ixxlii^,  which,  in  the  crystalline 
^tate,    are   only   white   or   limpid.      Thus,  when  the  wind 
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breaks  the  little  waves  of  the  sea,  and  throws  on  shore  the 
salt  watCT  as  foam,  and  then  urges  the  best  formed  bubbles 
up  the  beach ;  by-^nd-bj,  they  lose  much  of  their  water, 
become  very  highly  saline,  and  beautifully  coloured ;  nor 
when  they  are  in  their  best  state,  do  they  present  any  co- 
lours more  frequently,  nor  do  any  continue  so  permanently 
as  bronze  and  violet ;  ao  that  they  seem  as  if  they  were  little 
eapsules  filled  with  chlorine  or  iodine.  On  inspecting  them 
minutely^  these  colours  are  found  to  arise  from  streaks  that 
«re  quite  opaque,  and  of  whidi  the  greenish  ydlow,  in  par- 
ticular,  possesses  a  metallic  lustre.  The  very  frequent  re* 
«urrence  of  violet,  and  its  various  purple  and  blue  tints,  in 
9ca  salt  and  its  flame,  in  iodine,  in  many  of  the  Crustacea,  and 
ladiata,  particularly  the  medusidse,  and  in  many  algae — and 
•of  bronze  and  other  tints,  which  are  complementary  to  the 
iormer  series,  in  chbrine,  and  a  great  many  thalassyophytea, 
leads  us  to  suspect  that  these  are  the  colours  of  the  marine 
^Murticies.  In  like  manner,  by  dissolving  bodies  in  water,  and 
forming  the  scdution  into  bubbles,  perhaps  we  might  detect 
the  colours  of  the  particles  of  the  bodies  dissolved,  which  trans- 
mit light  too  easSy  in  the  crystalline  state  for  the  develope- 
roent  of  visible  chromatic  axes. 

But  not  only  do  fluid  bodies  become  opaque  and  coloured, 
when  reduced   to  an  extreme  thinness ;  all  transfnrent  bo- 
xlies  do  so,  and  they  display  a  colour  depending  on   their 
thickness.     Beneath  a  certain  degree  of  tenuity,  they  are  in- 
4»pable  of  reflecting  light,  and  are  either  black  or  invisible, 
according  to  the  position  in  which  they  are  held  in  reference 
to  the  eye.     When  their  thickness  becomes  a  little  more  con- 
siderable,   they   become  beautifully  coloured   with    various 
tints,  depending  on  their  actual  thickness,  complementary  co- 
lours being  always  found  on  opposite  aspects.     When  the 
thickness  is  increased  a  little  more,  they  again  become  trans- 
parent.   Insulated  lam'mae,  of  such  thinness  as  to  be  coloured 
on  that  account,  are  not  of  frequent  occurrence,  but  flies^  wings 
seem  often  to  be  iridescent  and  opaque  from  this  circumstance. 
It  would  be  very  interesting  if  we  could  discover  the  number 
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of  radiant  atoms  in  solid  bodies,  entering  into  their  particles  in 
sudi  portions  as  to  produce  chromatic  axes  from  violet  to  red. 
In  fact^  we  should,  by  this  knowledge,  become  possessed  of 
an  instrument  of  analysis  far  more  exquisite  than  any  which 
we  have  at  present  The  resolution  of  bodies  into  smaller 
particles  of  dissimilar  electrical  states  by  Voltaic  energy,  and 
aome  other  methods  of  analysis,  has  indeed  given  us  much  in* 
sight  into  the  composition  of  many  natural  bodies ;  but  many 
<if  the  most  curious  phenomena,  and  such  as  seem  most  eswn* 
tial  to  the  constitution  of  the  substance  considered,  are  often 
too  delicate  to  acknowledge  the  rude  applications  of  the  labo- 
ratory, whidi  is  an  inquisition  where  confcsnon  is  never  made 
without  torture^  If  we  understood  the  mechanism  uf  cobur, 
how  specific  would  be  the  information  which  we  sliould  obtain 
in  reference  to  the  constitution  of  venous  and  arterial  blood  ; 
and  many  substances  similarly  related,  which,  though  yield* 
ing  the  same  products  on  destruction,  are  possessed  of  very 
different  properties  ? 

We  may,  until  we  know  better,  assume  that  laminie,  whose 
particles  contain  only  one  radiant  atom,  so  placed  as  to  give 
colour,  are  violet,  when  the  liglit  is  most  favourably  incident 
upon  them ;  that  an  axis  of  three  atoms  gives  hluc  on  the 
pole  contiguous  to  the  incident  light ;  ii\c^  green  ;  seven,  yel- 
low ;  nine,  red  ;  eleven,  violet  again,  of  the  set<mcl  order ; 
and  so  on.  Perhaps  this  view  would  enable  us  to  under- 
stand the  origin  of  those  colour-suits  which  are  observed  in 
the  same  organization,  and  which  at  first  sight  Si^m  to  have 
no  relation  to  each  other.  Thus,  in  the  petals  of  flowers, 
which  we  should  expect  to  jxjssess  the  same  structure  in  their 
different  parts,  we  often  obstTve  a  violet  and  yellow,  n  blue 
and  red.  That  transition  of  eolours  oliserved  in  the  so- 
lar spectrum,  is  extremely  rare  in  the  colours  of  natural  bo- 
dies. Let  the  aecompanying  Table  represent  the  stories  of 
axes  to  the  ninth  spectrum.  It  will  be  seen  fmm  it,  that  a 
body,  possessing  only  one  chromatic  axis,  as  it  pos.sesses  one 
specific  character  in  other  matters,  will  nevertheless  give  dif- 
ferent colours,  according  to  the  contiguity  of  its  parts. 
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body,  sudi  m  •  petri,  fa  blue,  origmsriiif  fton  three  atone  of 
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ether,  tlMO,  if  aH  its  eoue  be  ineuktedy  the  vliob  will  be  Uu^ 
If  its  leniiUB  be  aiieuged  in  peiiiy  or  two  chnmetie  nee  be 

OBDililiite  e  chfooMitic  esde  et  ell^  end  ee  of  ell  the  even  ninn* 
If  three  esee  be  oontinnoos,  the  body  inll  be  ied|  bain|f 

fed  on  the  eipfrt  of  iocidcnoe.  If  five  escci  ere  i*— f^w- 
it  will  gb<B  green,  end  thie  ie  its  only  eoloor  of  the  eeeond 
spectnnn.  Inthe  tUrd  qwctmni,  specific  exes  of  three  atoms 
bj  onion,  will  give  violet  end  ydlow ;  in  thelburth,  thcjwiH 
1^  bine  end  red,  es  in  the  first,  and  the  suits  are  rrpeetcd. 
If  the  qiedfie  chromatic  aads  of  a  body  b  8,  or  green,  it  can 
only  ^ve  green  in  all  the  qwctnu  The  suit  of  7,  or  yellow, 
fa  violet  next  to  yellow,  then  green,  red  end  Uue,  after  which 
the  ycUow  returns.  The  red  gives  its  suit  in  the  cHder  of 
the  ooloors  of  the  prismetfa  iris,  but  only  in  the  eltemate 
spectra;  end  the  violet  gives  the  suit  of  the  primetic  iris^ 
tsken  the  other  way.  Such  are  the  true  colours  of  the  pdeS| 
bat  those  which  arrive  at  the  sensorium  will  often  be  result- 
ant tints ;  so  that  every  axis  has  two  colour  suits,  and  this 
inmedfatdy  adds  white  and  purple,  and  many  other  resultant 
tints. 

If,  then,  there  be  a  chronuitic  apparatus,  as  for  instance  a 

fibre,  or  surface  containing  fibres,  composed  of  radiant  atoms 

odd  in  number  when  it  is  illuminated  by  light  most  ob- 

bqudy  incident,  supposing  that  the  most  superficial  atom  only 

fa  excited,  the  vimble  pole  will  be  violet,  which,  in  conse- 

qoenoe  of  the  extreme  opacity  of  the  body,  will  be  very 

strong.     If  the  light  be  less  obliquely  incident,  and  illuminate 

three  atoms,  it  will  be  blue,  and  more  vertically  it  will  be 

green,  or  even  yellow.     If  it  be  videt,  at  a  vertical  incidenoe, 

it  can  only  become  black  by  viewing  it  obliquely,  unless  the 

violet  arise  from  a  depth  of  eleven  being  illuminated,  and  not 

Iran  one.    Thfa  we  may  often  infer  to  be  the  case,  and  it 
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explains  the  intimate  connexion  of  violet  and  red  colours, 
though,  in  consequence  of  the  difference  of  the  radiant  move- 
ments which  indicate  them,  they  are  separated  in  refraction 
by  the  whole  length  of  the  spectrum.  If,  then,  a  body  pos- 
sess a  chromatic  axis  so  perfect  that  it  gives  violet  of  the  second 
order  at  a  nearly  vertical  incidence,  by  successively  increas- 
ing the  obliquity  we  shall  obtain  purple,  red,  orange,  yellow, 
green,  blue,  and,  perhaps,  violet  again,  a  series  the  reverse 
of  that  which  was  formerly  obtained ;  but  in  this  case,  perhaps 
the  violet  given  by  light  nearly  vertical,  would  not  have  a 
high  or  metallic  lustre  in  consequence  of  its  depth,  which  ia 
eleven  atoms.  Such  is,  perhaps,  the  mechanism  of  the  de^ 
velopment  of  the  colours  of  natural  bodies,  which,  though  on  a 
different  hypothesis,  gives  results  »milar  to  those  of  Newton* 
But  by  means  of  crystalline  structures,  and  singled  light,  phi- 
losophers are  able  to  impart  opacity,  and  the  most  splendid 
tints,  to  plates  of  matter,  which  are  naturally  quite  transpa- 
rent and  colourless. 

Let  us  look  tlirough  a  rhomboid  of  calcareous  spar,  at  a 
singling  reflector,  such  as  glass,  or  a  varnished  surface,  hold.* 
ing  the  rhomboid  so  that  its  principal  section  (or  the  plane 
in  which  the  two  images  of  any  object  viewed  are  always 
found,  where  common  light  is  used)  coincides  with  the  plane 
of  reflection,  that  is,  so  that  the  edges  of  the  radiant  mole- 
cules of  the  singled  pencil  come  on  transversely  to  the  axis  of 
the  rhomboid.  Ah  soon  as  we  have  hit  upon  the  singled  pencil, 
rising  up  from  the  reflecting  surface,  a  bit  of  glass  interposed 
between  the  reflector  and  rhomboid  will  be  seen  single,  as  if 
it  were  viewed  by  the  naked  eye ;  and  this  will  also  happen  if 
we  use  a  drc^  of  liquid,  or  any  body  which  is  solely  illumi- 
Bated  by  the  singled  light,and  which  does  not,  from  some  pep,^ 
Jiarity  in  its  intimate  structure,  change  the  character  of  the 
light  incident  upon  it.  If  now  we  gradually  move  the  rhom- 
boid from  its  present  position  (in  which  the  radiant  edges  are 
incident  perpendicularly  to  the  plane  of  its  principal  section), 
to  a  transverse  position,  we  shall  find  that,  soon  after  de- 
stvcjing  the  symmetrical  rdationship  of  the  crystaUioe  aiia 
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mod  the  nMliant  edges,  two  images  of  the  ^ais  appetr,  one 
of  which  is  brighter  than  the  other,  till  half  a  right  angle 
has  been  moved  through,  whin  they  are  equally  intense. 
A»  we  move  round  the  rhomboid  towards  a  position  tran&- 
▼erae  to  the  first  (in  which  only  one  bit  of  glass  was  seen), 
one  of  the  two  images  during  the  motion  through  the  qua- 
drant  becomes  gradually  dim  again,  till,  in  the  transverse 
position  of  the  rhomboid,  it  has  vanished  altogether,  and  a 
smple  bit  of  glass  only  appears,  as  when  the  principal  sec- 
tion of  the  rhomboid  was  in  a  position  parallel  to  the  plane 
of  ptimitive  polarization  or  reflection.  The  same  pheno- 
mena  take  place,  when  the  rhomboid  is  moved  through  the 
other  three  quadrants.  Now,  from  what  was  said  of  the 
changes  produced  on  a  singled  pencil,  when  transmitted 
through  a  rhomboid  of  calcareous  spar,  it  follows,  that,  wbeu 
m  thin  plate,  as  for  instance  a  lamina  of  sulphate  c£  lime,  be- 
tween y'||th  and  ,\|th  of  an  inch  thick,  is  placed  in  a  beam  of 
singled  light,  with  its  principal  section,  or  neutral  sections, 
forming  angles  between  (f  and  90^  with  the  incident  edges  of 
the  singled  light,  each  incident  ray  will  be  resolved  into  two^ 
distant  on  the  emergent  side  of  the  plate  by  a  very  small  in- 
terval. These  rays,  then,  constituted  in  the  thin  plate  of  sul- 
phate of  lime,  may  be  compared  to  one  of  those  galvanic  pro- 
bangs,  consisting  of  a  filament  of  gold  and  silver,  united  at 
one  extremity,  and  a  little  open  at  the  other,  which  phyuolo- 
gists  use  to  distinguish  nerves  from  vessels  of  circulation.  We 
have  both  poles  of  a  chromatic  axis  on  the  same  side  of  the 
plate,  and  so  near  each  other  as  to  act  directly  across  the  atoms 
which  lie  between  them.  The  distance  between  the  poles, 
then,  will  correspond  to  the  thickness  of  the  thin  plate  of  any 
flubatance  which  will  give  the  same  tints.  In  different  la- 
waiom  of  the  same  mineral,  the  colour  will  vary  in  the  same 
ratio  as  the  thickness,  so  that  having  ascertained  to  what  part 
of  the  Newtonian  table  of  colour  for  thin  plates  of  radiant 
matter,  the  colour  developed  in  tlie  crystalline  plate  by  any 
given  thickness  belongs,  we  may  determine  the  colour  afforded 
by  any  other  thickness,  provided  no  change  takes  place  in  the 


144  OF  PHYSICAL  OPTICS. 

I 

polarizing  intensity  of  the  crystalline  plate,  as  the  thickness 
increases. 

There  are  a  great  many  chances  that  the  tints  thus  de- 
veloped  should  be  scarlet,  or  blue,  red,  or  green.  If  the  iii- 
tcrval  between  the  two  chromatic  poles  on  the  emergent  side 
of  the  thin  crystalline  plate  correspond  to  an  axis  of  only  one 
radiant  atom,  the  dnts  will  be  a  faint  violet,  and  yellow ;  if  to 
8,  blue  and  scarlet ;  if  to  7,  a  good  yellow  and  violet ;  if  to  9, 
a  red  and  blue.  Independently  of  numerical  superiority,  we 
shall  afterwards  find,  that,  in  the  atomic  constitution  of  bodies, 
the  numbers  3  and  5,  and  their  multiples,  are  of  constant  oc- 
currence, while  7  and  11,  which  yield  violet  and  yellow,  are 
of  exceedingly  rare  occurrence.  It  may  often  happen,  how- 
ever, that  in  these  plates,  as  there  are  great  elevations  and 
depressions  on  a  crystalline  surface,  a  variety  of  chromatic 
axes  may  be  developed,  in  which  case  we  shall  have  resultant 
and  composite  tints  not  truly  found  in  the  photochromatic 
scale. 

But  since  the  tints  are  constituted  simultaneously  on  the 
same  side  of  the  plate,  at  distances  far  too  minute  for  the  eye 
to  discriminate,  and  are  always  of  equal  intensity,  and  comple- 
mentary to  each  other,  their  resultant  in  the  eye  is  a  colour- 
less transparency,  and  the  actual  colours  cannot  be  projected 
on  a  screen  any  more  than  on  the  retina.  It  comes,  then,  to 
be  an  interesting  inquiry,  how  we  are  to  ascertain  their  ex- 
istence ? 

From  what  we  have  already  learned  of  the  power  of  a 
rhomboid  of  calcareous  spar  to  permit  two  rays  of  light,  of 
opposite  polarities,  to  pass  through  its  principal  section,  with- 
out blending  them,  or  otherwise  affecting  them,  but  by  re- 
moving them  to  a  greater  distance  from  each  other,  we  are 
prepared  to  find  that  such  a  rhomboid  is  the  very  apparatus 
which  we  wish  for,  to  separate  or  analyse  the  two  sets  of  con- 
secutive rays,  propagated  simultaneously,  and  almost  coinci- 
dent, between  the  eye  and  the  thin  plate.  When  the  rhomboid 
is  applied  (the  crystalline  lamina  being  continued  in  singled 
light),  each  of  the  two  images  which  it  gives  of  this  lamina, 
must  be  constituted  by  one  of  the  two  sorts  of  rays  only ;  and. 
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of  the  images  must  have  the  colour  of  one  of  the  chromatic 
poles  devdoped  on  the  near  side  of  the  crystalline  plate ;  and 
the  other  image  must  have  the  colour  of  the  consecutive  pole. 
Should  the  images,  in  ooniKequence  of  tlie  largeness  or  near- 
wem  of  the  crystalline  lamina,  or  the  want  of  depth  in  the 
rhomboid,  partly  overlap  each  other,  theoommon  or  overlapped 
portioo  will  be  colourless  or  neutral,  like  the  plate  itself,  view- 
ed with  the  naked  eye.  If  the  analysing  rhomlioid  he  moved 
thioii^h  90^f  so  as  to  place  its  principal  section  transverse  to 
its  former  position,  there  must  be  a  complete  exchange  of 
culour  in  the  two  images,  accompanieil  with  a  corres|x>nding 
change  in  visible  direction ;  and  it  is  to  be  remarked  of  the 
two  images,  accordingly,  that,  after  such  a  movement,  they 
have  exchanged  colours — that  which  was  at  first  scarlet,  red, 
or  jeilow,  being  now  blue,  green,  or  violet. 

In  intermediate  positions  of  the  rhomboid,  each  of  the  two 
incideDt  pencils  must  be  decomposed  into  two ;  and  at  the 
flwldle  point,  in  the  revolution  through  the  quadrant,  the  oo- 
lours  must  vanish ;  for  the  two  rays  are  then  equal  to  each 
other,  and  the  reception  of  both  into  the  eye  must  produce  a 
sensation  of  limpidity  only.  By  moving  the  rhomboid,  then, 
tiie  polarized  or  singled  light  is  dechromatizt^  more  or  less, 
and  at  4f5'^  is  neutral  and  colourless,  like  conimon  light.  In 
caosiiig  the  rhomboid  to  mtate  through  the  whole  circunife- 
renoe,  at  0°  and  180^,  it  will  give  the  two  colours  of  the  plate  ; 
at  9Cy  and  360°  it  will  give  the  same  colours,  but  assigned  to 
diffiment  images;  and  at  the  intermediate  azimuths  of  45%  135% 
82S°,  and  315%  both  images  will  be  colourless.  Any  other 
doaUy  refracting  soUd  will  shew  the  complementary  colours 
of  the  plate,  simultaneously,  as  well  as  a  rhomboid  of  carlxm- 
ate  of  lime ;  and  one  constructed  by  Mr  Rochon,  out  of  two 
pyramids  of  quartz,  is  much  more  convenient.  To  exhibit  the 
two  tints  successively,  neither  one  nor  other  is  required,  nor 
aoy  apparatus  more  complicated  than  a  plate  of  glass,  inclin- 
ed at  the  singling  angle  to  the  two  sets  of  rays  propagated 
from  the  crystalline  plate.  In  one  position,  it  reflects  one  set 
sod  absorbs  the  other,  thus  announcing  the  colour  of  one 
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pole  only  to  the  eye  ;  while,  in  a  position  applied  to  the  chro- 
matiferous  light  at  right  angles  to  the  former,  either  on  the 
right  or  left,  it  completely  absorbs  the  pencil  which  it  reflect- 
ed before,  continuing  to  the  eye  the  other  pole,  and  announ- 
cing its  colour.  In  the  intermediate  azimuths,  it  reflects  a 
part  of  both  sets,  and,  at  the  middle  of  the  quadrants,  both 
in  equal  quantities ;  from  which  neutrality  or  whiteness  r&- 
suits,  as  when  the  plate  is  directly  viewed  by.  the  naked  eye. 
For  common  purposes,  however,  it  is  convenient  to  use  a  thin 
slip  of  coloured  tourmaline,  cut  parallel  to  the  axis  of  the 
prism  in  which  it  crystallizes.  The  axis  will  represent  the 
direction  of  the  edges  whose  light  alone  (if  it  be  not  too  thin) 
it  will  transmit.  We  obtain,  then,  first  one  true  colour,  tinged 
by  the  colour  of  the  tourmaline ;  then,  by  moving  the  analys- 
ing slip  through  a  right  angle,  the  changes  described,  till,  at 
90°  distant  from  its  former  posiuon,  the  consecutive  pole  ap- 
pears in  its  strongest  colours.  Besides  tourmaline,  a  plate  of 
agate,  cut  across  the  laminse,  a  pile  of  glass-plates,  or  films  of 
mica,  held  so  that  the  light  is  transmitted  obliquely  through 
them,  may  be  used.  But  a  perfectly  colourless  singling  plate 
is  still  a  desideratum  in  these  beautiful  experiments. 

As  one  of  the  bifurcated  portions  continues  to  propagate 
light  whose  edges  are  singled  in  the  same  plane  on  both  as-^ 
pects  of  the  lamina,  the  other  may  be  regarded  as  the  chroma- 
tic axis ;  that  whose  polarity  is  not  changed,  serving  rather  as 
a  conductor,  analogous  to  the  armature  of  a  magnet,  for  brings 
ing  both  poles,  which  are  on  opposite  surfaces  of  the  lamina,- 
into  each  other^s  vicinity,  on  the  same  side,  so  that  the  contK 
guous  extremities  may  be  coloured.  In  this  case,  the  ray 
which  preserves  the  primitive  direction  of  edges,  generally 
^ves  the  negative  the  green,  blue,  or  violet  tint ;  while  the 
other  gives  the  positive,  the  red,  crimson  or  yellow.  If  we 
suppose  that  the  incident  light  is  positive,  compared  with  that 
of  the  crystalline  lamina,  and  that  it  merely  excites  the  chro- 
matic axis,  then  the  pole  of  the  axis,  or  aspect  of  the  lamina, 
most  contiguous  to  the  incident  light,  will  be  negative ;  and^ 
from  this  point,  the  ray  not  transversed  conducts  that  colour 
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to  the  other  ade,  or  that  next  the  eye,  without  changiiig  iu 
pohnty.  Acoordiog  to  this  view,  the  dark  tints  ought  to  be 
on  the  cxntnd  aspects  of  fringes.  Or,  if  we  suppose  that  the 
ncideiit  pencil  is  negative,  and  that  its  own  polarity  is  tran*- 
Bitted  in  a  continuous  stream  to  the  surface  of  the  crystalline 
IsHniMi  next  the  eye,  where  the  two  poles  are  contiguous,  it 
viD,  iB  like  manner,  give  a  negative  tint  In  cases  where 
^■■*'**f*'r  axes  are  devebped  in  nature,  and  seen  in  cnmmnn 
i|^t,  out  ct  the  parts  of  the  incident  ray  seems  to  illuminate 
or  excite  them,  and  the  other  to  render  them  visible. 

The  colours  of  thin  plates  generally,  then,  are  presented  in 
two  teiiea.  One  is  developed  simply  on  account  of  the  thinness 
of  the  plate,  which  becomes  compatible  with  a  single  chro. 

This  display  is  confined  to  the  most  attenuated 
dsible  in  common  light,  and  is  analogous  to  the 
cokHur  of  most  natural  bodies.  Supposing  that  the  lamina  is 
a  tngaoent  of  a  polarizing  crystal,  a£xet  it  has  attained  too 
great  a  thiAness  for  the  institutkm  of  a  single  chromatic  axis, 
itkiaea  its  opacity  and  colour,  and  amply  transmits  common 
ti^ni^  not  much  affected  by  it.  But  when  its  thickness  is  too 
flOBttderable  for  its  becoming  coloured  in  virtue  of  its  thin- 
ness,  it  begins  to  repeat  the  same  series  of  tints  as  it  grows 
thicker,  in  consequence  of  its  double  refraction.  Its  thick- 
ness, which  destroyed  the  first  series,  is  the  means  of  develop- 
ing the  second.  The  first  series,  then,  may  Ix*  represented 
by  coloured  laminc,  held  at  right  angles  to  the  optical  axis, 
or  with  their  disks  fronting  the  eye ;  the  second,  by  the  same 
lamiiue  held  in  the  plane  of  the  optical  axis,  or  with  their  edges 
ffODtiDg  the  eye.  In  the  first  series,  we  see  only  one  pole  at 
a  time ;  in  the  second,  by  that  apparatus  which  h&s  been  men- 
tioped^  we  may  see  both  as  we  should  do  were  our  eyes  good 
enoogfa,  when  the  edge  of  a  thin  plate,  cok)urcd  by  its  thin- 
18  turned  towards  the  eye. 

If  r  r  (Fig  31.)  be  the  thickness  of  a  thin  plate,  which 

certain  tints  in  natural  light,  the  doubly  refracting  plate, 

A  B,  to  give  the  same  tints,  must  have  a  thickness  equal  to 

the  product  of  the  thin  plate,  and  the  cotangent  of  separation 

between  the  two  rays,  at  a  vertical  incidence,  possessed  by  the 

x  2 


148  OF  PHYSICAL  OPTICa 

crystalline  lamina.  Or,  calling  the  angle  of  bifurcation  proper 
to  the  lamina  a,  the  thickness  of  the  idiochonoophanous  plate  t, 
and  that  of  the.  doubly  refracting  plate,  which  gives  the  same 

tints  in  singled  light,  T :  then  T  =  Thus  it  appears 

tlial  the  colours  of  crystalline  plates  do  not  depend  absolutely 
on  their  thickness,  as  is  the  case  with  thin  plates,  but  on  this 
element,  combined  with  their  doubly  refracting  power ;  and 
hence  a  plate  of  a  very  weak  doubly  refractive  intensity  may 
become  coloured,  though  its  thickness  be  very  great. 

The  weakest  sort  of  polarizing  action  seems  to  be  that  of 
certain  liqiuds,  and  even  vapours,  such  as  turpentine  and  syrup, 
inclosed  in  tubes ;  and,  among  mineral  bodies,  that  which  takes 
place  along  the  axis  of  quartz.  Not  only  is  the  incident  ray 
not  bifurcated,  but  it  requires  a  considerable  thickness  to  trans^ 
verse  it,  which  must,  of  course,  be  greater  in  proportion  as  the 
directive  force  of  the  incident  tint  is  greater.  The  next  de- 
gree appears  to  be  that  in  which  the  plate  simply  transverse* 
the  incident  pendl,  as  is  the  case  when  a  rhomboid  of  calca- 
reous spar  is  applied  to  a  ray  angled  by  reflection,  with  iCf 
prindpal  section  parallel  to  the  inddent  edges ;  and  the  highest 
degree  is  that  in  which  the  incident  pencil  gives  rise  to  twO) 
which,  when  of  equal  intensity,  are  transverse,  or  complemen- 
tary to  each  other. 

Such  are  some  of  the  most  interesting  phenomena  presented 
by  thin  doubly  refracting  laminae,  in  which  the  polarizing 
force  is  equal  in  intensity  all  over  the  platc^  except  in  the  neu- 
tral axes.  But  in  plates  possessing  individuality  of  form,  such 
as  equatorial  laminae,  taken  from  crystals  which  are  not  tessular« 
in  planes  at  right  angles  to  the  axis,  other  phenomena  become 
visible,  which  possess  the  most  beautiful  and  interesting  cha- 
racters. In  fact,  in  viewing  such  a  lamina  in  singled  lights 
we  are  viewing  the  base  of  the  ray  of  hght  proper  to  the 
symmetrical  medium  examined ;  and  a  state  of  subtile  matter, 
analogous  to  that  which  it  has  been  presumed  a  ray  of  the 
radiant  medium  possesses,  is  exhibited  before  the  eye  in  the 
most  vivid  tints,  determined  by  the  medium  to  which  it  is  at- 
tached, but  always  retaining  the  same  generic  features.     Id 
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the  hope  that  the  molecular  structure  of  many  bodict  will  aooo 
be  ddenuined,  this  aubjecC  is  now  omitted,  with  the  confident 
anticipation  of  the  pleasure  which  any  one  will  derive,  who 
chooaei  to  apply  the  prindpics  uf  the  structure  of  oudter  con«> 
tended  for  in  this  work  to  all  the  phenomena  of  |ihysical  optics. 

Analogous  phenomena  of  still  greater  splendour  may  be 
developed  by  the  partial  distribution  of  heat  in  transparent 
structures,  not  naturally  possessing  free  polarization  or  indi- 
vidiudity  of  form.  Thus,  let  a  rectangular  plate  of  annealed 
gbus  be  examined  in  singled  light,  and  it  will  exhibit  no 
traces  of  polarization  ;  but  while  it  remains  illuminated,  and 
viewed  with  singled  light,  let  one  of  its  edges  be  applied  to  a 
hoc  body ;  **  nearly  at  the  same  instant,***  the  light  c^  the  sur- 
Cue  contiguous  to  the  hot  body  is  thrown  into  a  state  of  po- 
larity ;  a  perfect  image  c^  that  state  is  speedily  developed  at 
the  other  edge  or  pole,  and  the  middle,  or  equatorial  region, 
coDtaina  the  consecutive  polarity.  If  a  diamoiKl  cut  be  drawn 
through  the  equator,  so  as  to  divide  the  plate  into  two,  though 
they  he  in  their  former  position,  there  are  now  two  polarized 
fimna  which  are  images  of  each  other ;  and,  by  using  pieces  of 
glass  of  different  forms,  and  crossing  plates  upon  each  other, 
the  most  strikmgly  beautiful  figures  arc  displayed,  all  of  them 
perfectly  illustrative  of  the  habitudes  of  subtile  matter,  whose 
polarity  is  excited.  If  a  model  of  a  hiiroan  brain  were  nuide 
of  crystal,  with  ramifying  tubes  distributi'd  internally  for  a|>- 
plying  heat  to  it  irregularly,  should  we  not  observe  most  in- 
leresdng  phenomena  ? 

But,  not  only  may  glass,  by  an  unequal  distribution  of 
heat  in  it,  acquire  an  individual  polarity  or  circulation,  nc- 
eocding  to  the  form  which  it  happens  to  possess ;  the  radiant 
aediam  also,  like  any  other  transparent  tessular  medium,  may 
behrougfat  into  the  same  condition,  and  the  forms  and  tints 
which  are  developed  arc  still  more  beautiful.  Most  admir- 
able  attempts  have  been  made  to  explain  them,  solely  on  the 
principles  of  a  mechanical  interference  of  waves  in  an  undula- 
tory  mecfium.  What  could  baffle  a  genius  like  that  of  Fres- 
nd  ?   He  alwajrs,  when  he  errs,  goes  beyond  rather  than  falls 
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short  of  the  truth.  But,  to  dispense  with  half  an  interval  at 
ideasure,  is  to  dispense  with  aD  that  ever  can  be  required  to 
make  any  phenomenon  conform  to  the  hjrpothesis  of  recurrent 
colours ;  and  when,  in  addition  to  this,  any  one  of  many  re« 
gions  may  be  fixed  upon  as  fit  places  for  interference,  it  is 
not  to  be  wondwed  if  this  doctrine  has  been  extended  to  phe- 
nomena where  it  does  not  apply.  The  principle  of  the  chro- 
matic axis  seems  to  me  to  act  to  a  great  extent  in  producing 
the  brilliant  spectra  of  a  diffracted  sunbeam.  The  phenmnena 
will  be  alluded  to  at  the  end  of  the  chapter  on  Radiant  Heat 
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Thb  apparatus  by  which  the  condition  of  external  objects, 
as  to  illumination,  is  announced  to  the  mind,  is  the  Eye,  an 
optical  instrument  of  the  most  perfect  kind,  the  aplanatic 
structure  of  the  lens  of  which  it  has  been  the  ambition  of  of^ 
ticians  to  imitate,  though  hitherto  with  only  partial  success. 
Like  tessular  bodies,  and  such  as  want  individuality  of  form, 
the  eye  acts  upon  light  very  passively,  at  least  during  life;  mere- 
ly conducting  without  change,  like  the  radiant,  which  is  conti- 
guous to  it,  the  lumeniferous  excitement  emanating  from  the 
objects  before  it.     In  consequence  of  its  lenticular  structure, 
however,  the  direction  of  the  incident  rays  is  changed,  and, 
within  the  range  of  distinct  vision,  they  are  made  to  converge 
to  a  focus  on  the  interior  wall  of  the  eye.     There  an  image 
of  external  objects  is  formed ;  and,  in  an  eye  examined  by 
cutting  in  upon  the  back  of  it,  this  image  may  be  seen  paint-    ^ 
ed  in  its  natural  colours,  as  in  a  camera  obscura.     Whe->   i 
ther  the  region  where  the  image  is  formed  possesses  opacity    \ 
enough,  during  the  fluidity  of  life,  to  intercept  and  form  a  \ 
base  to  the  rays  meeting  there,  cannot  be  discovered.     The  i 
wall,  or  cup,  which  receives  the  incident  rays,  is  covered  by  a  i 
stratum  of  cerebral  matter,  named  die  Retina,  which,  in  man,  -, 
and  most  animals,  reposes  on  a  very  opaque  pigment.     This  b 
pigment  seems  to  perform  a  most  important  function  in  vi*  i 
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■on  ;  and  its  eobur  is  the  index  of  that  state  of  external  lu- 
neniferous  exdteinent,  which  cannot  produce  vision.     Being 
itadf  composed  of  radiant  matter  in  a  condensed  sute,  this 
jigmmit  must  possess  the  light  proper  to  the  atomn  of  which 
it  consJBtis  in  a  certain  state  of  excitement ;  and,  when  the 
of  the  excitement  of  the  external  radiant  matter  is  the 
no  re-acUon  can  take  place  between  them,  it  must  be 
dw  same  as  to  vision  as  if  the  eye  were  closed.     The  pigment 
cf  the  human  eye,  when  looked  upon  (other  objects  being  ex- 
daded),  excites  the  same  sensation  as  the  closing  of  the  eye  or 
ihe  radiant  medium  at  night.     The  optic  nerve  remains  un- 
changed, and  in  the  natural  state  of  its  iliiiinination.     Both 
night  and  the  pigment  are  black.     Tht*  state  of  their  illu- 
annatiofi  is  the  same.     If,  instead  of  lieing  black,  it  were 
white,  that  is,  in  an  opposite  state  of  illumination  to  what  it 
is  now,  and  to  that  of  the  radiant  medium  at  night,  the  degree 
of  nuliant  excitement  fit  for  vision  would  undergo  a  oorre- 
yiding  change.  In  these  circumstances,  dark  tinted,  and  ob- 
scmne  bodies,  would  be  most  distinctly  visible ;  and  the  night 
voold  be  the  season  best  fitted  for  distinct  vision.     Now,  it 
is  remarked  of  diurnal  animals  generally,  that  they  agre<;  with 
man  in  having  durk  or  nocturnal  pigments ;  of  not^turnal  ani- 
mals, it  is  remarked  that  the  ])i(xn)ents  of  their  e\c8  are  ligbt- 
oolourcd  or  diurnal.     Each  has  a  state  of  vital  liinK'niferous 
excitement,  consecutive  to  tliat  of  the  radiant  mcditiin,  during 
die  hours  when  its  vision  is  niust  distinct.    The  lunieniferous 
odtement  of  the  radiant  metlium   during  ni^ht,  however, 
hdi^  much  less  considerable  thiui  during  day,  n(K*turnal  ani- 
imIs  have  the  whiteness  of  their  pi<;nKiits  supplemented  by 
large  organs  of  vi>ion,  and  often  a  lucid  .stratum  on  which  the 
fedna  reposes.     This  lucid  >tratum,  in  that  region  in  which 
itfemains  unan-ered  hy  the  pipiieiit,  aiul  is  more  {mrticularly 
cdScd  the  tapetum,  displays  a  metallic  lustre,  which  always 
ildicates  abundance  of  su))eTficial  li«:^ht  ;  and  that  its  light  is 
dtferently  excited  from  that  of  the  radiant  medium  by  night, 
ad  that  of  our  eyes,  is  shewn  by  this — that,  in  the  darkest 
pboe,  where  every  thing  else  is  invisible,  by  the  light  of  its 
bdd  tapetum,  a  nocturnal  eye,  such  as  that  of  a  cat,  may  In? 
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neea  Intently  gazing  at  ours.  The  eyes  of  die  animal  only 
are  in  a  dissiniilar  state  of  lumeniferous  excitement  firnn  our 
eyes-^hence  we  see'cmly  the  animal^s  eyes ;  but  the  whole  of  our 
body  and  sarrounditig  objects  are  in  a  state  of  excitement 
dissimilar  to  that  of  the  nocturnal  animal'^  eye,  therefore,  it 
sees  all  the  surrounding  oligects,  and  not  our  eyes  only.  This 
state  of  lumeniieroos  excitement,  of  which  the  mucous  pig- 
ment of  tfie  chotokl  coat  is  the  index,  must  extend  back  to  the 
sensorium  of  vision. 

Are  we  to  suppose  that  the  whole  matter  of  the  opuc  nerve 
is  the  medium  of  the  conduction  of  lumeniferous  excitement, 
or  hither,  that  its  function  is  to  secrete  from  its  own  matter, 
and  to  accommodate  unembedded  in  its  filaments  rays  of  mat- 
ter in  &e  atomic  state  ? 

Such  an  idea  seems  to  suit  the  phenomena  of  anatomy  and 
physiology,  and  what  we  should  expect  as  the  crisis  of  orga- 
nic assimilation.  The  whole  series  of  chemical  and  natural 
bodies  is  thus  made  to  lie  between  matter  on  both  hands,  in 
the  ultimate  or  atomical  state.  But  there  is  this  remarkable 
difference  between  them, — ^that  the  parent  atomic  tissue  is  only 
one  individual  form,  as  vast  as  the  universe ;  while  the  atomic 
tissues,  to  develope  which  is  now  assumed  to  l)e  the  ultimate 
function  of  compound  matter*  consists  of  many  individuals, 
each  having  a  specific  form,  and,  consequently,  a  specific  ac- 
tion, in  every  individual  creature.  Arguments  for  this  me- 
chanism will  be  advanced  in  the  Fourth  Book. 

According  to  this  view,  a  filamentary  tissue  of  matter,  in 
the  same  state  as  that  of  the  medium  of  light,  is  the  criterion 
of  an  animal  nature.  Its  parts  may  be  connected,  and  constitute 
one  ramified  form,  in  which  case  the  animal  possesses  unity, 
and  a  greater  or  less  sympathy  of  parts,  according  to  the 
extent  to  which  the  whole  sustains  a  common  state ;  or  it 
may  be  composed  of  unconnected  parts,  in  which  case  the 
animal  is  imperfect,  and  has  no  common  sensorium  nor  uni* 
versal  sympathy  of  parts.  Cerebral  matter  thus  holds  a  very 
peculiar  place  in  the  series  of  animal  bodies  changing  sponta- 
neously, during  life,  into  the  state  of  individual  atoms,  and 
thus  having  a  power  of  the  ultimate  analysis  of  matter.     In 
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these  respects,  then,  it  may  be  viewed  as  tlie  most  perfect  and 
p0Ccat  mechanism  io  nature.  But  it  is  also  reasonable  to  in- 
ftr,  that  its  matter  is  in  such  a  state  that  the  transition  into 
Ace  atoms  is  somewhat  easily  eflected.  Viewed  in  this  re- 
gaid,  then,  it  is  the  most  imperfectly  organised  part  of  all  the 
«mmal,  and  is  in  the  most  rudimentary  state. 

After  a  re? iew  of  all  the  phenomena,  and  experiments  re- 
CBBtlj  made  by  several  physiolofcists,  perhaps  it  will  be  readi- 
ly recnved  as  very  probable,  that  wherever  there  is  a  nervous 
filament  capable  of  the  redprocal  functions  of  forming  the 
gfcKiim  by  which  sensation  and  volition  are  propagated,  a 
prismatic  filamentf  or  perfect  ny  of  light,  is  developed  within 
il ;  where  the  nerve  is  capable  of  executing  only  one  of  these 
functions,  then  a  ringle  ray ;  and  when,  by  lesion  or  deficiency 
af  secretion  or  assimilation,  by  the  development  of  a  ganglion, 
or  otherwise,  the  continuity  of  this  ray  and  the  sensorium  is 
dcatroyed,  paralysis  or  insulation  befals  the  ulterior  region. 
A  aufficiently  perfect  animal-mechanism  remains  for  accom- 
pliahiog  the  nutrition  and  assimilation  of  matter  to  that  of  the 
vilenor  parts,  but  their  continuity  with  the  sensorium  is  inter- 
rupted. 

As  the  simplest  and  most  perfect  mci'huniKiii,  then,  and 
that  which  might  very  naturally  be  expected  to  arise  out  of 
the  circumstances  of  the  case,  we  may  Ix'lieve,  till  more  evi- 
denoe  be  advanced,  that,  when  a  ray  of  light  has  arrived  at 
the  retina,  or  somewhere  else  in  the  l>ack  j>art  of  the  eye, 
very  probably  at  tlie  confines  of  the  hyaloid  membrane,  it  is 
received  ujxm  the  extremities  of  atomic  rays,  re|K)sing  in  the 
optic  nerves,  and  prol)ably  branching  out  into  a  coma,  or  ]kmi. 
csl,  which  is  at  first  interlaced  with  the  retina,  the  |)oints  ter- 
minating among  the  sinuosities  of  the  hyaloid.  Along  thcsi' 
rav9«,  the  specific lumeniferous  excitement,  conductinl  thnnigh 
the  humours  of  the  eye  from  the  illuminated  ohjirt,  will  Ik* 
transmitted  to  the  sensorium  ;  and  fnmi  the  structure  of  the 
optic  ner\x8  in  the  region  of  the  sphenoid  bone,  it  follows  that, 
at  one  part  of  their  a)urse,  the  rays  from  both  eyes  arc 
very  contiguous  to  each  other.  It  seems  impossible  to  devise 
a  plan,  by  which  the  ultimate  mechanism  of  the  living  eye  can 
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be  discovered ;  in  the  meao  ttme^  therefore,  we  must  rest 
stttisfied  with  conjecture.  It  will  not,  in  any  degree,  affect  the 
general  doctrines  now  advanced,  as  to  the  mode  by  which 
vision  is  eflRected,  though  we  suppose  that  there  are  no  such 
atomic  rays  insulated  and  symmetrically  disposed  in  the  optic 
nerve.  On  such  a  more  rude  supposition  we  have  only  to  re- 
gard the  whole  as  a  fasciculus  of  imperfect  rays,  some  parts 
of  which  only  are  fit  for  the  transmission  of  lumeniferous  ex* 
citement. 

When  the  rays  of  light,  then,  emanating  from  any  opaque 
body,  enter  the  eye,  they  are  made  to  converge,  so  that  the 
whole  image  may  be  comprised  in  a  very  small  area,  where  it 
has  been  supposed  the  extremities  of  the  optic  rays  termi- 
nate ;  and  that  vision  be  distinct,  it  is  necessary  that  this 
image  be  symmetrical  as  to  the  surface  on  which  it  is  pro- 
jected, and  neither  farther  back  nor  farther  forward  than  the 
region  which  has  been  mentioned.  The  lumeniferous  excite* 
looent  incident  there,  is  now  propagated  without  change, — that 
isy  simply  conducted  as  by  the  external  radiant  medium  to  the 
sensorium.  While  the  illuminated  object,  then,  continues  to 
aifect  the  eye  by  the  incidence  of  its  light,  that  object  is  seen 
in  its  true  colours.  Nor  is  there  any  more  reason  why  it 
should  be  seen  double,  than  why  smelling  a  rose  should 
awake  the  sensation  of  two,  or  hearing  a  musical  instrument 
should  lead  us  to  suppose  that  two  are  sounding,  and  no  rea- 
son at  all  why  it  should  be  seen  inverted. 

This  view  of  the  mechanism  of  vision  leads  us  to  infer  that 
an  image  of  .a  body  painted  in  its  complementary  colours, 
may  be  expected  as  often  as  an  illuminated  state  of  the  op- 
tic apparatus  continues  to  exist,  after  the  stream  of  lumenife- 
rous excitement  from  the  visible  object  has  been  interrupted. 
The  atoms  or  ray  between  the  retina  and  the  sensorium  then 
become  polarized  axes,  of  which  the  internal  edges  must  retain 
a  state  of  excitement  consecutive  to  that  on  which,  while  the 
excitement  continued  to  stream  in,  it  was  incident.  When 
any  pencil  or  spot  on  the  retina  has  been  very  powerfully  ex- 
cited,  it  can  also  only  be  expected  that  it  shall  induce  an  op- 
posite polarity  on  the  surrounding  region,  so  that  the  lucid 


OF  VISION.  1A5 

mu^  dhaU  appear  tunouiided  by  oomplcnientary  fnogea. 
Farther,  at  the  rays  from  two  images  formed  either  in  tha 
sBOse  eye,  or  one  in  each  eye,  ooroe  into  each  other^s  immediate 
▼icinity  in  the  rq;ion  of  the  sphenoid  bone,  it  follows,  thai  two 
n^  conducting  lumcniferous  excitement  will  be  subject  to 
read  upon  each  other,  and  when  the  two  rays  are  coloured  by 
■oo-cooaecutiTe  tints,  they  must  sensibly  alter  each  other,  or 
give  rise  to  an  effort  towards  alternation.  If,  again,  the  two 
n^  be  insulated  from  each  other,  yet  contiguous,  and  <ine 
of  them  conducts  neutral  light,  while  the  other  conducts 
coloured  light,  it  may  be  expected,  that,  when  they  possess 
a  certain  degree  of  nearness,  thai  which  is  duromatically 
exdted  will  induce  a  consecutive  polarity  upon  that  which  is 
aeotral,  and  the  neutral  object  will  consequently  appear  of 
some  complementary  colour.  It  alao  follows,  that  the  comple* 
mentary  colours  must  be  the  most  grateful  to  be  viewed  u* 
multaoeously,  because  the  symmetry  of  the  optic  apparatus  is 
then  greatest,  the  chmmatic  axis  is  then  perfect,  and  there  is 
no  tSon  to  improve  it,  and  therefore  no  anxiety  and  dissatis- 


All  these  anticipations,  flowing  from  ilie  principles  advan* 
oed  in  this  work,  are  amply  confinued  by  experience.  The 
simplest  case  is  that  in  which  the  pro|)agation  of  coloured 
light  from  a  visible  object  is  arrested  ;  but  the  illuminated 
state  of  the  optic  apparatus  continued  for  some  lime,  in 
consequence  of  wliich,  an  image  of  the  object  lately  seen  in 
its  true  colours  remains  for  a  little  in  a  consecutive  tint.  This 
may  be  at  once  effected,  by  closing  one  eye,  and  fixing  the 
other  for  some  time  steadily  upon  a  strongly  coloured  aud  il- 
luminated object,  such  as  a  red  disk  of  cloth  or  wafer,  lying 
on  a  neutral  or  white  bit  of  {laper.  Whilst  the  red  light  is 
propagated  to  the  sensorium,  the  image  is  red ;  but  if,  by 
cloring  the  eye  used,  the  lumenii'erous  excitement  is  made  to 
stagnate  in  the  sensorial  ray,  that  which  is  on  the  ui»|)ect  of 
incidence,  and  which,  during  true  vision,  was  most  vigorously 
excited,  continues  for  some  time  in  the  sante  state  of  chroma- 
tic excitement,  wherefore  that  extremity  of  the  ray  directed  to 
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the  flensoriuro,  must  be  in  a  obnaecutive  state,  and  consequently 
must  produce  the  sensation  of  a  green  bit  of  doth  or  wafer. 
The  resuk  is  the  same,  if  we  consider  only  the  ultimate  atom 
in  the  ray  whidi  conducts  the  light  to  the  sensorium ;  the  an- 
terior edge  is  in  the  state  which  produces  the  sensation  of 
redness ;  and  the  other,  therefore,  must  be  in  the  state  which 
produces  the  sensation  of  greenness.  This  experiment  is 
more  easily  made,  by  covering  the  red  wafer,  after  it  has 
been  gazed  on,  with  a  neutral  sur&oe,  such  as  a  white  sheet 
of  pitper,  and  continuing  to  gaie.  By  this  means  the  illuml- 
nadon  of  the  optic  apparatus  is  sustained  by  neutral  light, 
which  does  not  interfere  with  the  existing  state  of  pdarity^ 

The  second  case  imagined  is,  when  this  complementary 
image,  seen  when  the  eye  is  closed,  or  turned  to  a  neutral 
surface,  is  so  strong  as  to  induce  xnnsecutive  fringes  around 
it.  This  phenomenon  may  be  readily  observed  by  looking 
steadily  at  the  setting  sun  for  some  seconds,  and  then  dosing 
the  eye.  Instead  of  a  yellowish- white  image  of  the  sun,  an  ocd- 
lus  is  now  seen  of  some  complementary  tint,  which  is  a  diade 
of  blue,  varying  as  the  eye  recovers  its  condition  of  natural 
illumination  and  repose.  So  far  this  is  a  phenomenon  analogous 
to  (he  first  case  illustrated  by  the  wafer  or  bit  of  cloth ;  but, 
around  this  ocellus  there  is  a  border  or  fringe  of  the  con- 
secutive tint,  induced  by  the  intensity  of  the  illumination  of 
the  central  part.  If,  instead  of  keeping  the  eye  closed,  we 
illuminate  it  by  gazing  at  a  white  sheet,  during  the  existence 
of  the  spectrum,  it  appears  that  the  poles  are  reversed, — ^the 
central  ocellus  is  now  a  positive  tint,  and  the  fringe  negative. 
The  same  phenomenon  may  be  more  agreeably,  and  more 
perfectly  observed^  by  viewing  a  less  luminous  image  when 
the  sensibility  of  the  eye  is  greater.  Thus,  by  turning  the 
eye  newly  awoke  from  sleep  to  a  drcular  aperture  in  the 
window-shutter,  when  the  sun  shines  on  the  window-blind,  a 
ludd  ocellus  will  be  seen,  surrounded  by  all  the  tints  of  the 
first,  and  sometimes  some  of  the  second,  of  the  Newtonian 
rings  of  radiant  colours.  In  this  case,  the  poles  are  so  de- 
fined,  and  separated  by  so  conaderable  an  interval,  that  the 
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wmNiading  nmiXetf  ioatcad  of  bcitig  induced  iuto  ooDie^ 
cudTe  sUtei^  like  two  diMimilar  plates  of  metal,  acquires  a  ttate 
of  pulaiizatimi  simiiar  to  that  of  an  eqimtorial  plate  of  a  crys> 
lal  to  which  the  lucid  centre  m  pole.  In  tliis  way,  a  very 
Upod  eatiinate  of  the  relative  sensibility  of  the  two  eyes  may 
balbnned. 

The  third  and  fourth  cases  of  the  development  of  consecu^ 
tivtf  colours  in  the  optic  apparatus,  are  effected  also  with  great 
ewe,  mod  are  productive  of  very  curious  experiments.  That 
in  which  both  poles  are  developed  from  light  admittt'd  by  one 
eye,  is  very  entartainingly  and  minutely  described  by  Count 
Ruasfiml  *,  and  his  experiments  may  be  easily  repi»ted.  It 
is  osly  necessary  to  form  in  one  eye  two  illumiiuUed  rays  near 
each  other,  one  of  them  being  coloured,  the  other,  as  nearly 
m  posable  the  same  as  to  quantity  of  illumination,  but  charged 
by  neutral  light  Thus,  let  a  pencil  of  light  from  the  sky,  whe- 
ther azure  or  covered  with  clouds,  it  nmtters  not,  be  received 
by  an  apalure  in  the  window-shutter,  on  a  horizontal  sheet 
of  white  paper.  Then,  let  a  candle  of  inferior  quality  (so  as 
to  give  a  full  yellow  light)  be  provided,  and  any  body  to  cast 
a  shadow,  such  as  a  slip  of  thick  glass,  a  pencil,  or  the  like. 
The  shadow  of  the  pencil  caused  by  the  light  of  the  sky  nuiy 
be  examined,  by  holding  the  candle  above  the  sheet  of  paper, 
so  that  the  shadow  due  to  day -light  may  be  formed  in  the 
shadow  of  the  base  of  the  candlestick.  This  shadow,  formed 
by  the  light  of  day,  wUl  now  be  simply  black.  If,  again,  the 
shadow  of  the  pencil  formed  on  the  white  paper  by  the  candle 
be  examined,  the  ray  of  sky  or  colourless  light  being  intercept- 
ed, we  shall  again  find  that  it  is,  like  the  other,  colourless  and 
dark.  But,  if  we  bring  the  candle  down,  so  as  to  illuminate 
the  shadow  of  the  pencil  formed  by  the  neutral  light  of  the 
sky  with  candle-light,  and  at  the  same  time  to  form  a  shadow 
of  the  pencil  on  the  other  side,  which  will  be  illuminated  by 
the  neutral  light  of  the  sky,  both  will  seem  to  be  highly 
ccdoured.    That  illuminated  by  the  candle  is  of  course  yellow, 

•  Philos.  Ptpers,  toL  i.  p.  319. 


168  OF  VISION. 

because  thb  is  the  colour  of  the  light  by  which  it  is  illuminat- 
ed ;  the  other,  which  is  illuminated  by  neutral  and  colourless 
light,  gives  rise  to  a  ray  of  this  quality,  which,  at  some  point 
in  its  progress  towards  the  sensorium,  comes  under  the  influence 
of  the  yellow  n^,  and,  becoming  a  recipient  for  the  consecu- 
tive pole  of  the  chromatic  axis,  appears  of  a  blue,  proportional 
in  tint  and  vividness  to  that  of  the  yellow  which  induces  it. 

Count  Rumford  found  that  the  same  striking  phenomenon 
might  be  still  more  beautifully  displayed,  by  preparing  two 
disks,  one  covered  with  a  highly  tinted  substance,  the  other 
with  a  white  substance  toned  down,  so  that  the  quantity  of 
light  reflected  from  both  might  be  as  nearly  as  possibly  the 
same.  Having  laid  two  such  disks  on  the  floor  of  a  dark 
chamber,  be  illuminated  them  with  a  sun-beam.  That  which 
was  really  colourless  immediately  seemed  of  a  colour  propor- 
tionally bright  to  that  of  the  other,  and  of  such  a  tint  that 
the  two  united  produced  whiteness. 

Nor  is  it  impossible  to  develope  one  pole  only  in  each  eye, 
as  has  been  shewn  by  Mr  Smith.  The  experiment  is  still 
more  simple.  Thus  let  a  slip  of  white  paper  be  taken  and 
viewed  with  candle-light,  while  the  optic  axis  is  directed  to  a 
more  distant  object  Two  images  will  of  course  be  seen, 
which,  while  the  state  of  the  illumination  of  both  eyes  is  the 
same,  will  have  the  same  tint.  But,  holding  the  slip  of  paper 
in  one  hand,  at  the  distance  of  about  a  foot  in  the  mesial 
plane,  let  the  position  of  the  candle  be  changed  so  as  to  illu- 
minate one  eye  very  strongly,  and  leave  the  other  as  much  as 
possible  in  a  state  of  natural  repose.  By  this  means,  the  ray 
from  the  paper  in  the  strongly  illuminated  eye  is  enveloped 
in  a  medium  strongly  excited,  ahd  becomes  negative,  and  the 
image  of  the  paper  seen  by  that  eye  green ;  while  the  ray 
from  the  other  eye  is  most  favourably  situated  for  giving  rise 
at  the  region  of  induction  to  a  positive  pole ;  thus  one  image 
is  green  and  the  other  is  red.  These  phenomena,  it  will  be 
remarked,  are  quite  analogous  to  those  presented  by  thin 
plates. 

Such  are  some  of  the  most  interesting  phenomena  of  vision 
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in  wril  organbed  eyes,  when  the  lumenifSnous  ezotemciit  hat 
been  propagated  from  without.  But  it  evidently  follow^  ham 
the  nature  of  optic  matter  advanced  in  this  work,  that  a  similar 
state  of  lumeniferous  excitement  may  be  induced  upon  the 
araaorial  part  of  the  apparatus  of  vision  by  internal  causes,  as 
well  aa  by  die  entrance  of  the  lumeniferous  exdtement  from 
die  external  radiant  medium.  Accordingly  we  should  expect 
a  variety  of  spectra  to  appear  as  often  as  the  natural  and 
beidtby  repose  of  the  light  of  the  eye  is  interrupted  by  a  me- 
^-^^f'^^l  or  galvanic  change  in  its  condition,  or  in  states  of 
(ever,  or  its  opposite,  or  in  imperfect  sleep ;  at  any  time,  in 
short,  when  that  condition  of  the  lumeniferou»  excitement  of 
ibe  optic  apparatus  which  gives  no  spectra  is  changed. 

Now,  such  vision  may  be  immediately  experienced  by  dos- 
ing the  eye,  and  compresring  it :  the  light  of  the  opposite  le- 
gKiB  is  polarized  by  compression,  like  a  bit  of  glass ;  and  it 
»  excited  by  the  effort  to  sustain  the  circulation,  and  repair 
the  injury.  Accordingly,  a  coloured  ring  in  seen ;  the  central 
icgion,  most  highly  compressed,  being  a  negative  tint,  sur- 
rounded by  a  bright  orange  fringe.  By  rubbing  the  eye,  an 
tBeet  is  produced,  as  if  free  particles  of  light  were  moving 
about  in  its  fluids,  at  the  l)ack  of  the  orbiL  White  light  may 
be  devdoped  iu  vivid  flashes,  by  laying  a  bit  of  zinc  u|X)n  the 
tongue,  and  a  slip  of  silver  upon  the  eyelid,  or  iK'tween  the 
upper  lip  and  the  jaw,  and  then  bringing  the  dissimilar  metals 
in  contact.  In  the  same  way,  when  the  mind  is  intently  en- 
gaged about  any  thing  which  requires  the  eye  to  be  illumi- 
nated for  a  long  time,  this  organ  is  apt  to  acquire  a  state  of 
morbid  action,  and  to  continue  illuminated,  when  the  external 
source  is  removed, — the  tear  flowing  over  the  cornea,  of  a  vio- 
let colour  in  the  dark,  or  the  back  part  of  the  eye,  remaining 
painfully  bright,  and  appearing  as  something  that  is  seen,  of 
a  form  and  colour  not  to  be  discovered,  and  so  intimately  a 
part  of  ourselves,  that  the  idea  of  escaping  from  it  is  felt  to  be 
vain. 

In  sleep,  and  certain  diseases,  the  mind  sometimes  makes 
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•traiige  use  of  this  internal  light.  The  fact,  that  this  light, 
iriien  naturally  excited  so  as  to  produce  vision,  is  always  ex- 
cited in  such  a  way  as  to  produce  the  sensation  of  images, 
must  determine  a  habit  in  the  organ,  that,  whenever  its  light 
is  excited,  its  modes  of  excitement  shall  be  such  as  to  produce 
the  sensation  of  images.  These  images  (I  do  not  mean  pic- 
tures on  the  retina,  but  that  state  of  the  light  of  the  sensorial 
part  of  the  optic  apparatus,  that  induces  us  to  believe  that  we 
see  objects  while  it  exists),  as  might  be  expected,  generally 
represent  ill-assorted  assemblages  of  things,  whose  images 
have  been  formed  in  the  eye  before  in  a  legitimate  manner; 
and  it  is  only  an  extension  of  principles  already  advanced,  to 
suggest,  that  an  image,  once  developed,  should  give  rise  to  a 
second,  having  a  certain  relationship  to  it,  the  two  now  exist- 
ing, to  a  third,  and  so  on,  till  the  group  acquire  force  enough 
to  occupy  the  mind,  and  impress  the  memory.  We  have  al- 
ready seen  the  beautiful  manner  in  which  one  crystalline 
form  arises  out  of  another,  and,  though  in  states  very  diffe- 
rent, yet  crystals  and  the  eye  are  equally  composed  of  similar 
atoms,  which,  individually  taken,  have  the  same  forces  and 
modes  of  action ;  and  though,  during  life,  these  atoms  in  the 
eye  are  in  the  presence  of  a  spirit,  which  they  serve  in  the 
day-time,  and  which  stoops  to  be  entertained  by  them  at 
mght,  still  it  would  be  unwarrantable  to  conclude,  that  the 
succes^ve  evolution  of  images  had  not  some  definite  relation- 
ship  more  desultory  and  varied,  no  doubt,  but  no  more  the 
work  of  chance,  than  the  secondary  form  of  a  crystal.  To 
this  we  may  ascribe  those  fantastical  structures  and  un- 
earthly landscapes  which  we  often  see  in  sleep,  especially 
when  the  full  operation  of  habit  is  limited  more  than  usual  by  a 
feverish  state,  during  which  the  organic  matter  is  more  prone 
to  its  peculiar  shootings,  than  in  states  of  health,  when  repose 
is  the  natural  consequence  of  sleep.  In  this  way,  every  thing 
seen  in  sleep  is  looming.  An  image  of  a  house  or  angular 
body  gives  occasion  to  a  nocturnal  mirage.  But  as  we  seldom 
see  a  panorama  composed  of  houses  only,  which  we  may 
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m  to  be  derdoped  by  the  influence  of  the  fini.-r|iabit 
openles  for  the  introduction  of  mountain^  riven  and  tme, 
whiph  Bte  added  at  that  dme  when  the  itatc  of  the  inago 
thai  agisting  ia  moBt  fimilar  to  those  diurnal  images  that  have 
been  often  formed  there*  and  of  which  mountains,  or  rivers, 
or  lreca»  iormed  a  part.  In  like  manner,  if  the  dream  or^ 
nale  in  the  formation  of  the  image  of  a  human  body,  this  will 
dderaine  the  formation  of  others,  eiilicr  physically,  or  by  the 
habit  of  the  eye  rehited  to  tlic  first,  and  the  dream  will  be 
developed  as  before. 

In  this  way»  it  seems  possible  to  assign  a  physical  cause  for 
the  origin. and  progress  of  a  dream,  while  the  mind  is  merely 
an  obser\'er,  taking  a  greater  or  less  interest  in  the  scene  as 
the  cale  may  be,  and  remembering  what  has  been  going  on 
after  we  have  awoke,  with  more  or  less  entertainment,  accord- 
ing to  the  quality  of  the  dream. 

But  there  is  another  class  of  dreams  of  a  more  fitful  sort, 
whose  origin  seems  to  be  immediately  in  tlic  mind  ;  and  it  is 
moat  easy  to  believe,  that  a  perception  strongly  felt,  and  hav- 
ii^  optical  images  proper  to  it,  should  evolve  these  images  or 
e&dted  spots,  in  the  sensorial  matter  de\'oted  to  such  a  pur* 
poee.  We  know  that  our  minds  act  upon  matter  in  some  way, 
and  in  what  way  is  it  so  reasonable  to  conceive  that  they  give 
rise  to  atomic  movements,  as  through  the  meilium  of  light  ? 
Now,  there  is  a  certain  state  of  the  light  or  radiant  matter,  in 
some  region  of  the  brain  connected  with  the  eye,  wliich  gives 
rise  to  a  certain  perception  or  feeling  in  the  mind  as  its  neces. 
sary  sequence;  and  these  two  events,  the  nervous  excitement, 
and  the  feeling,  are  related  to  each  other  as  cause  and  effect. 
If,  then,  the  feeling  be  the  first  of  the  two  to  arise,  and  the 
materialism  be  in  such  a  state  that  the  mind  modified  by  the 
existing  feeling  can  act  upon  it  in  an  adequate  degree,  the  same 
connexion  of  the  two  phemimena  may  be  expected,  though 
the  feeling  should  be  the  first  of  the  two  in  the  sequence.  It 
is  reasonable  to  conclude,  that  the  development  of  the  feeling 
bv  the  mind  will  induce  that  same  state  in  the  radiant  tisnue 

I. 
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of  the  op&c  sensorium,  which,  when  it  has  been  excited  by 
external  vision,  induces  the  feeling ;  and  an  image  thus  once 
developed,  will  tend  to  grow  in  the  same  way  as  if  it  had 
arisen  out  of  the  excited  state  of  the  radiant  tissue  constituting 
the  sensorium,  and  as  if  its  origin  had  not  been  in  the  mind. 
But  the  aspect  and  grouping  of  the  images  of  such  a  dream, 
trill  still  be  modified  by  the  existing  disposition  of  the  mind 
towards  a  certain  tone  of  feeling.  Dreams  of  this  second 
kind  are,  no  doubt,  proper  to  man,  and  they  are  very  instruc- 
tive  of  our  susceptibility  of  [Measure  and  pain ;  for  the  mind 
thus  frequently,  during  sleep,  enters  into  scenes  of  agony  or 
enjoyment,  far  more  intense  than  are  ever  experienced  when 
Awake. 

The  theory  of  dreaming  now  advanced,  would  explun  why 
some  dreams  are  connected  with  the  states  of  the  mind  imme^ 
diately  preceding  sleep,  and  why  others  are  quite  unconnected 
with  it:  and  as  both,  though  their  origin  be  different,  in- 
crease by  a  process  perfectly  analogous,  it  would  explain  why 
ieven  those  whose  subjects  are  connected  with  the  ideas  pre- 
viously occupying  the  mind^  become  more  and  more  wayward 
and  unreasonable  as  they  proceed.     If  it  be  asked,  why  ideas 
do  not  give  birth  to  various  spectra  when  we  are  awake,  it  may 
be  answered,  that  this  is  prevented  by  the  optic  region  bring 
occupied  by  othar  images— -by  the  individuality  and  insula- 
tion of  the  mind  being  most  complete  when  the  man  is  in  his 
most  perfect  state — by  the  greater  activity  of  the  process  of 
change  and  assimilation  going  on  in  the  cerebral  region,  which 
destroys  the  necessary  repose,  and  requires  the  stronger  sti- 
mulus of  external  light ;  but,  it  might  also  be  added,  that, 
in  forming  a  strong  and  graphic  conception  of  any  sensible 
object,  one  often  finds  a  sort  of  image  of  it  before  him,  espe- 
cially when  gazing  upon  a  neutral  ground,  which  does  not 
excite  the  eye,  and  fill  it  with  other  images.     These  investiga- 
tions, however,  belong  rather  to  physiology  than  physics,  and 
.need  not  be  dwelt  on  longer  in  this  place. 
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OF  THE  ACTION  OF  THE  RADIANT  BfEDIUM  ON 

THE  HEAVENLY  BODIES. 

Okb  of  the  latest  opnions  which  Newton  gave  was,  **  It 
seems  to  me  farther,  that  the  particK's  of  bodies  have  not  only 
a  vis  inertife,  accompanied  by  such  passive  laws  of  motion  as 
qaturally  result  from  that  force,  but  also  that  they  are  moved 
by  certain  active  principles.*'  ^  In  this  work,  it  is  the  latter 
chiefly  which  occupy  our  attention  ;  and  it  ap|K*ars  that  their 
in  the  radiant  medium  muHt  pHxhice  an  effect  very 
from  that  of  mere  resistance  to  the  motion  of  dense 
^iberes  immersed  in  that  medium.  They  must  tend  in  a  high 
degree  to  induce  rotation  in  such  ma.Hses,  and  consequently  pro- 
gression through  the  medium.  That  several  causes  should 
oooapire  to  produce  one  effect,  is  wliat  we  constantly  observe  in 
nature.  When  one  artery  is  destroyed,  subordinate  branches 
enough  are  left  to  suntain  the  circulation.  Nay,  so  per- 
petiudly  does  the  admirable  law  of  compensation  come  into 
pb^  (which  is  in  the  material  world  what  justice  is  in  the 
moral),  that  we  might  have  been  almost  safe  in  concluding,  that, 
if  the  radiant  medium  should,  in  consiH^Uiiico  of  its  density, 
occasion  resistance  to  the  motions  of  the  lu'avcnly  Ixxiics, 
some  other  feature  in  its  constitution  would  facilitate  progress 
sioD.  Though  not  proper  to  the  subject  of  this  work,  a  few 
remarks  could  not  be  avoided  in  another  page  on  the  mecha- 
nism by  which  the  heavenly  motiims  are  sustained,  in  which 
it  Is  assumed  that  an  apparatus  different  from  the  radiant  is 
ooDcemed.  It  appears,  however,  that  the  radiant  co>operatcs 
in  a  most  beautiful  manner.  At  present,  we  may  only  regard 
the  planetary  bodies  as  dense  masses,  possessin;^  forms  suited 
for  rotation,  and  immersed  in  the  radiant  me<liuni.  Were 
it  to  suit  any  purpose,  their  rotation  might  be  contended  for, 
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from  the  absolute  movements  of  spheroidal  bodies  in  a  dis- 
similar medium  ;  but  this  need  not  be  insisted  on,  as  the  me- 
chanism by  which  rotation  may  be  sustained^  can  be  traced 
in  detail. 

The  polarity  of  the  illuminated  hemisphere  of  a  planet, 
must  obviously  be  in  a  consecutive  state  to  that  of  the  dark 
hemisphere.  The  radiant  medium  contiguous  to  these  two  he- 
mispheres, then,  being  merely  a  conductor  of  polarity,  and  not 
becoming  itself  polarized  in  the  mass,  must  be  in  the  same  state 
as  that  of  the  planetary  surface  beneath  it.  Its  position  is  also 
fixed.  Hence  there  is  a  body  of  a  rotatory  form  with  two  con- 
secutive polarities  on  its  opposite  sides,  and  these  polarities 
contiguous  to  poles  of  another  body,  which  are  of  the  same  or 
a  repulsive  affection.  If,  then,  one  of  the  pdes  of  the  system 
move  any  way  through  the  least  space,  so  as  to  cause  the  po- 
larized axis  of  the  rotatory  mass  to  form  an  angle  with  the 
radius  vector  (which  is  the  axis  of  the  polarities  of  the  sur- 
rounding radiant  medium),  this  dense  body  will  commence  ro- 
tation, being  moved  in  the  same  direction  by  all  the  polarities. 
ISach  polarised  surface  is  repelled  from  the  region  where  it  is, 
and  attracted  towards  the  region  where  it  is  not  Thus  the  parts 
of  the  planet  chase  each  other,  the  meridian  of  darkness  seek- 
ing the  meridian  of  light,  and  the  meridian  of  light  seeking 
the  meridian  of  darkness.  It  may  be  nearer  the  truth,  how- 
ever,  to  regard  the  subtile  matter  of  the  planet  as  circulated, 
and  in  this  case  the  same  result  follows.  The  opposite  sides 
are  in  different  states,  and  there  must  be  a  circulation  as  in  a 
spheroidal  molecule  similarly  affected. 

If  the  surfaces  of  the  planets  were  homogeneous,  and  the 
resistance  of  the  radiant  medium,  from  its  inertia,  (concern- 
ing which  we  have  very  little  information),  could  be^disre- 
garded,  the  reaction  causing  rotation,  other  things  being 
equal,  would  be  proportional  to  their  surfaces.  Consequent- 
ly, the  largest  ought  to  rotate  the  most  rapidly,  and  so  on  to 
the  least.  Those  whose  rotation  has  been  observed,  are  thus 
stated,  beginning  with  the  most  rapid, — Jupiter,  Saturn,  Venus, 
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the  Earth,  Bfan,  Mercury ,  the  Moon.  Thb  is  exactly 
the  order  of  their  magnitudes,  with  the  exception  of  Mars, 
which,  were  he  illuminated  in  the  same  manner  as  Venus  and 
the  £arth,  ought  to  move  more  slowly.  But  it  is  remarked 
that  there  is  something  very  peculiar  in  his  illumination. 

Now,  a  planef  s  surface  is  hy  no  means  perfectly  smooth, 
(the  nature  of  the  supernal  stratum  of  a  planet  will  afterwards 
be  Docioed),  hence,  unless  the  rotating  planet  meet  with  equal 
reflttance  on  opposite  sides  in  opposite  directions,  its  rota- 
tioii  becomes  immediately  a  cause  of  progression  in  the  same 
direction  in  which  it  rotates.  If  a  sphere  of  any  solid  matter 
be  made  to  rotate,  while  falling  through  the  air  with  its  poles 
of  rotation  more  or  less  horizontal,  as  soon  as  it  meets  the  re- 
siatanoe  of  the  ground,  it  proceeds  in  the  direction  in  which 
it  rotates,  the  air  resisting  it  less,  and  demanding  motion  in 
an  opposite  direction  less  than  the  hard  ground  on  which  it 
impinges.  Now,  this  gross  illustration  is  perfectly  analogous 
to  the  state  of  matters  in  the  radiant  medium  surrounding  a 
planet.  Between  it  and  the  sun  the  medium  is  disposed  in 
prismatic  rays,  which  even  Newton,  though  under  the 
Bty  of  maintaining  a  vacuum,  admitted  to  be  in  some 
sense  hard  bodies.  In  the  shadow,  on  the  other  hand,  the  me- 
dium is  not  disposed  in  tenso  rays,  and  will  op(x)se  a  much 
less  mechanical  resistance  to  motion.  Hence,  the  })lanct  must 
tend  to  proceed  in  the  direction  in  which  it  rotates,  and  as  it 
proceeds,  constantly  providing  itself  with  a  shadow  in  virtue 
of  its  opacity,  it  is  constantly  in  circumstances  ecjualiy  favour- 
able for  progression.  Thus,  both  the  physical  and  mechanical 
structure  of  the  radiant  medium,  according  as  it  is  in  a  state 
of  illumination  or  of  darknci^s,  is  caleulated  to  sustain  the 
planetary  motions.  Nay  more,  the  regions  of  twilight  and 
dawn,  the  radiant  regions  that  are  tangents  to  the  planet, 
also  favour  the  same  movements.  For  the  movement  of  the 
polarity,  or  the  circulation  on  the  planetary  cpiadrant  conti- 
guous  to  the  rays  of  twilight,  is  similar  to  the  direction  in 
which  the  lumeniferous  excitement  is  propagated  from  the 
sun.     Hence,  as  their  polarity  is  the  same  in  direction,  they 
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must  repel  each  other.*  On  the  side  of  the  dawn,  the  lumeni« 
ferous  propagation  from  the  sun  is  in  the  same  direction  as 
at  the  other  extremity  of  the  planet'^s  diameter,  which  sepa- 
rates the  dark  from  the  illuminated  hemisphere,  but  the  dark 
region  of  the  planet  coming  up  to  the  dawn,  is  in  a  consecu- 
tive state  of  polarity  ;  hence  the  polarity  propagated  from  the 
suu  must  now  operate  to  draw  up  towards  it  the  planetary 
surface  meeting  it.  Thus  all  things  act  in  harmony — the 
motion  sustains  the  polarity,  this  polarity  sustains  the  motion. 
Whether  James  Watt,  to  whom  we  owe  the  condenser,  the 
double  stroke,  and  the  parallel  motion  of  the  steam-engine, 
bad  any  idea  of  such  a  mechanism,  when  he  named  a  certain 
part  of  his  engine  Sun  and  Planet  Wheels,  may  be  questioned. 
One  would  think  that  so  plain  a  man  would  find  it  difficult  to 
persuade  himself  that  an  universal  vacuum  was  the  order  of 
nature,  when  he  found  that  it  cost  such  infinite  labour  to 
empty  any  place  of  even  gross  particles  of  matter,  and  tliat 
really  nothing  was  more  obvious  than  that  dense  bodies 
changed  into  vapour,  rather  than  that  a  considerable  space 
should  be  left  in  the  state  of  purum  nihil.  But  whatever  his 
ideas  of  ,^e  celestial  spaces  may  have  been,  certain  it  is,  that 
his  sun  apA  planet  wheels  represent,  though  doubtless  very 
grossIy,'the  very  structure  of  the  radiant  and  planetary  appa- 
ratus which  has  now  been  presumed  as  a  necessary  consequence 
of  the  structure  of  the  radiant  medium.  The  rays  of  light 
intercepted  at  the  planet  are  analogous  to  an  infinite  number  of 
those  radii  projecting  from  a  circumference  which  are  formed 
in  toothed  wheels  and  rack-work,  and  the  projections  on  the 
surface  of  the  planet  are  the  teeth  which  meet  them.  It  will 
afterwards  be  shewn,  that  the  supernal  stratum  of  a  planet 
presents  a  mechanism  so  conformable  to  that  of  the  i-ays  of 
light  incident  upon  it,  that  no  language  could  exaggerate  the 

*  The  case  la  analogous  to  those  experiments  of  Anigo,  in  which  elec- 
tric currents  are  sent  along  two  parallel  wires,  in  opposite  directions, 
from  which  it  must  follow,  that  the  external  currents,  at  right  angles  to 
the  axis  of  the  wires,  must  be  in  the  same  direction  at  any  point  where 
,the  wires  can  be  brought  near  each  other. 
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pgfcclioo  and  qmawciy  of  the  muuMr  m  which  they  eie 
VfBmA  to  cedb  other.  LetSbediesiuiaiidPa  phmet, 
!>%.  fli;  die  Miit  of  die  imjs  which  the  pbnct  evolves  hi 
die  eoane  of  a  levolotioo  is  nfitvieotcd  bj  s  dKuhr^  or 
■Mww  Btrictly  an  cUiptical  ejrttem  of  ladiiy  of  which  the  ran  b 
Ike  flnHK,  and  the  planet  alwajs  in  the  orcumfennee. 
The  itnictoie  of  the  radiant  medium,  then*  maj  aid  the 
in  their  pngraMon;  bat  this  is  not  the  princi|ial 
fiv  if  it  were,  then  liouri j  motioiis  b  their  oefails 
nug^it  ta  bear  soom  proportion  to  their  vdocity  of  rotation, 
winch  does  not  appear.  Ifcrcury,  whose  rotation  is  the 
doatst,  b  hunied  round  die  ran  with  an  hourly  prngrrsiion 
between  three  and  torn  times  tiiat  of  Jupiter,  wl^  rotates 
■MMt  lapUy.  Tliere  is  a  continual  retardation  in  the  vch^ 
citj  in  tiie  orbits,  as  tlicj  are  more  and  more  distant  from  the 
snn.  It  is  the  only  plienomenon  in  die  planetary  sysleflB^ 
eaeept  die  direction  of  rotation,  in  which  unilbrmity  and  cod- 
tinoity  of  diange  is  observed.  Meantime,  enough  has  per- 
faapa  been  advanced  to  apologise  for  the  action  of  tlie  radiant 
meJiwm  upon  the  motions  of  the  planets,  and  lo  dispose  the 
reader  to  regard  it  with  less  dislike  than  if  this  lul^ect  had 
been  wholly  passed  ovtr. 


OF  BADIANT  HEAT. 

Almost  ail  the  phenomena  in  physical  optics  which  we 
have  lately  considered,  are  purely  the  discoveries  of  modem 
times;  the  chief  of  them  lielong  to  the  present  century.  Our 
1^  has  been  much  less  happy  in  its  inquiries  respecting 
radiant  heat;  more  moderate  views  will  be  found  in  the  an- 
cient than  the  most  modem  philosophers.  Many  of  their 
statements  respecting  fire,  taken  by  thcmielvcs,  are  singular- 
ly true ;  and  though  these  opinions  be  but  insulated  commu- 
nications, often  derived  from  very  false  reasonings,  still  they 
truths.  Though  they  be  but  lucid  intervals  in  the  midst 
try  deranged  notions  about  the  nature  of  things,  still  they 
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are  entitled  to  our  regard,  and,  in  the  liistory  of  science,  ought 
not  to  be  forgotten.  It  becomes  posterity  to  treat  sacredly, 
as  if  they  were  their  monuments,  whatever  truths  can  be  ga- 
thered from  the  physics  of  the  ancient  philosophers.  The 
wonder  is  not  that  they,  but  that  we,  should  be  so  often 
wrong.  There  is,  perhaps,  more  that  requires  to  be  forgiven 
in  the  tenets  of  the  philosophy  of  the  nineteenth  century  than 
of  that  of  Pythagoras  or  Plato.  Plato  makes  Timaeus  say, 
that  he  thought  it  probable  that  the  form  of  fire  is  the  pyra- 
mid ;  and  whatever  may  be  thought  of  the  reasoning  by  which 
he  concluded  that  it  was  so,  or  his  notions  regarding  fire,  that 
cannot  alter  the  truth  which  he  announced.  Although,  there- 
fore, it  was  perhaps  by  a  more  humble  and  tedious  process 
that  this  form  was  assigned  to  the  igneous  atom,  which  has 
given  a  basis  to  this  work,  this  view  has  little  higher  preten- 
aons  than  the  revival  of  an  ancient  opinion,  which  has  been 
regarded  since  the  revival  of  learning  as  one  of  the  vagaries 
of  the  fancy  of  the  Pythagoreans.* 

In  all  that  has  been  advanced  respecting  the  phenomena 
of  light,  it  has  never  been  assumed  that  the  radiant  medium 
is  any  thing  else  than  a  very  attenuated  mass  of  matter,  dif- 
fering fjBJini  other  masses  in  form  and  attenuation  only.  Its 
specific  repulsive  fluid  is  lights  and  in  the  clastic  tremor  of  its 
solid  nucleus,  according  to  the  view  which  has  been  already 
advanced,  its  heat  consists. 

As  a  member  of  the  universe,  every  body  possesses  a  spi*- 
dfic  quantity  of  atomic  tremor,  depending  upon  the  substances 
to  which  it  is  contiguous,  and  its  aptitude  for  sustaining  a 
tremulous  state.  This  quantity  is  its  specific  heat.  It  will 
afterwards  perhaps  form  one  of  the  finest  occupations  of  geo- 
metry, to  calculate  the  specific  heat  of  particles  of  bodies,  de- 
rived from  the  aptitude  of  their  forms  for  vibration ;  mean- 
time we  will  rest  satisfied  with  the  opinion,  that  forms  which 
are  least  symmetrical,  and  have  their  axes  lying  in  different  di* 
redioiw,  are  least  fit  for  sustaining  calorific  excitement.     If 

«  See  Note  B. 
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thk  be  the  case,  the  atom  will  possesB  a  very  small  specific 
heat,  or,  when  once  excited,  will  very  readily  part  with  iti 
beat  to  contiguous  cold  bodies.     For,  if  any  angle  be  made 
to  vibrate  by  the  influence  of  a  hot  body,  there  is  not  another 
oppomte  to  sustain  the  elastic  tremor,  and  respond  to  it.    The 
Tibration  is  not  symmetrical  on  opposite  sides  of  the  oi*ntre, 
and  when  one  angle  has  been  heated,  the  action  of  the  other 
three  upon  it  may  be  compared  to  the  phenomena  of  inter- 
Cerenoe.     The  pungency  of  its  angles,  however,  is  greater 
than  that  of  any  other  form  ;  a  free  atom  may  therefore  be 
made  excessively  hot,  and   in  consec^uence  of  its  incompa- 
tibility with  a  sustained  state  of  tremor,  when  the  source  of  ex- 
citement is  sustained,  it  will  communicate  heat  with  great 
rapidity,  and  excite  violent  burning  in  the  gross  bodies  which 
receive  it.     Viewed,  then,  as  a  member  of  the  universe,  the 
apecific  heat  of  the  radiant  medium  will  be  very  small.     But, 
from  the  extreme  minuteness  of  its  atoms,  the  symmetrical 
rdationship  of  the  angles  of  contiguous  atoms  or  rays,  and 
the  very  small  quantity  which  it  can  absorb  on  its  own  part, 
the  radiant  medium  is  better  calculated  than  any  other  me- 
dium for  conducting  calorific  excitement  from  a  hot  body  to 
a  cold  one.     This  effect  will  be  producnl  by  a  radiant  action 
analogous  to  that  by  which  light  is  propngateil ;  nor  can  it 
take  place  to  any  great  extent,  without  a  simultaneous  ex- 
citement   of   light,    which    we    might    naturally    cxi^ct    to 
amount  to  such  a  quantity  as  to  affect  our  eyc^.     When  an 
atom  of  radiant  matter  contiguous  to  a  hot  Ixxly  is  heated, 
its  tremulous  state  must  be   immediately   communicated  to 
the  elastic  subtile  matter  which  surrounds  it.     But  this  sul>- 
tile  matter  is  in  contact  with  the  subtile  matter  of  the  con- 
tiguous atoms  of  the  radiant  medium.     And,  in  conse<|uencc 
of  their  mutual  elasticity,  the  tremor  must  be  profiagated  to- 
wards their  centres,  exciting  the  atomic  nucleus  into  a  simi- 
lar state.     Thus  the  first  degrees  of  radiant  heat  may  be  pro- 
pagated apparently  in  a  mechanical  manner,  and  without  the 
necessity  of  a  considerable  change   of  place  in  the  radiant 
atoms.     But,  as  the  heat  is  urged,  a  difference  in  physical, 
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and  consequently  lumeriferous  state,  will  belong  to  atoms  dis- 
similarly heated.  Hence,  if  the  radiant  medium,  by  the 
proximity  of  dark  cold  bodies,  be  relieved  of  its  change  of 
heat,  rays  will  ultimately  be  instituted  perfectly  analogous  to 
those  produced  where  lumeniferous  excitement,  not  calorific, 
is  the  moving  cause. 

From  the  superiority  of  our  thermometers  to  our  photo- 
meters, we  are  now  able  to  prove  what  was  already  advanced, 
that  radiation  does  not  proceed  at  random,  and  equally  on  all 
sides,  without  regard  to  contiguous  bodies,  but  with  far 
greater  intensity  in  the  direction  of  such  as  are  in  the  most 
dissimilar  state.  Thus,  let  two  thermometers  be  taken,  both 
at  the  same  temperature,  as,  for  instance,  zero  or  100°,  the 
temperature  of  the  ambient  medium  being  50° ;  and  that  they 
may  more  powerfully  act  upon  each  other,  let  them  be  placed 
in  the  conjugate  foci  of  a  metallic  reflector.  In  this  case  no 
radiation  will  take  place  between  them  at  all,  and  (if  both 
possessed  less  than  that  specific  heat  which  they  would  retain 
if  cooled  down  from  a  maximum,)  in  a  state  of  insulation  in 
space,  they  would  rem»n  at  the  same  temperature  for  ever. 
But,  let  one  of  them  have  a  hundred  d^rees  of  heat,  and  the 
other  be  i^sero,  and  then  let  them  be  placed  in  the  foci  of 
the  reflectors,  and  a  powerful  radiation  is  immediately  insti- 
tuted, and  they  speedily  arrive  at  the  mean  temperature,  which 
is  not  far  from  50°. 

Analogous  phenomena  are  presented  to  us  in  nature,  con- 
tributing in  a  wonderful  manner  to  uphold  the  economy  of 
creation.  Tropical  climates  have  less  need  of  a  powerful  solar 
radiation  than  arctic  climates,  and  the  circumstance  that  the 
temperature  of  their  surface  is  much  higher,  diminishes  the 
rigour  of  the  solar  radiation  in  a  very  remarkable  manner. 
The  experiments  of  the  Rev.  Mr  Scoresby  and  others  in  the 
Arctic  Regions,  shew,  that,  while  the  temperature  of  the  air  in 
the  shade  is  below  the  freezing  point,  the  heat  caused  by  solar 
radiation  is  sometimes  between  120°  and  130°.  On  the  shaded 
side  of  the  ship  ice  sometimes  formed,  while  on  the  sunny  side 
the  pitch  melted  under  the  sunbeam.     The  experiments  of 
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Captain  Sabine,  on  the  other  hand,  at  Sierra  Leone,  and  in 
other  tropical  r^ons,  whicli  he  has  viaited  and  examined,  shew, 
that,  instead  of  a  hundred  degrees  of  difference,  there  is  often 
little  at  all,  and  never  any  amounting  to  a  half  of  that  of  the 
Arctic  Regions.  The  same  fact  enables  us  to  account  for  the 
▼ery  powerful  and  vivifying  influence  of  the  sun  in  springs 
when  the  surface  of  the  earth  still  retains  the  dullness  and  cold 
of  winter.  It  also  explains  the  fact,  that  the  calorific  radia- 
tion from  the  earth  is  strongest  during  the  warmest  weather. 
When  there  are  no  clouds  in  the  atmosphere  to  act  as  screens 
to  ethereal  rays  conducting  or  radiating  heat  from  the  earth, 
and  when,  by  the  influence  of  the  sun  during  the  day,  its 
temperature  has  been  raised  above  that  of  the  radiant  ca- 
nopy above  it,  the  terrestrial  heat  is  rapidly  carried  off,  and  a 
great  depression  of  temperature  ensues.  It  is  commonly  be> 
lieved  that  these  rays  are  continued  indefinitely  in  straight 
lines,  perpendicular  to  the  radiating  surface,  and  the  pheno- 
mena of  dew  are  believed  to  afford  one  of  the  best  illustra- 
tions of  the  hypothesis  of  indefinite  radiation  into  space. 
Perhaps  the  radiant  medium  above,  which  is  more  than  any 
other  body  disposed  to  become  cold,  and  the  sky,  of  which  I 
shall  afterwards  speak,  are  the  directions  taken  by  the  radiant 
heat.  But,  when  we  consider  that  the  radiant  medium  over 
different  regions,  like  the  atmosphere,  possesses  different  de^ 
grees  of  coldness,  and  tliat  the  calorific  excitement  pr()|)agated 
upwards,  will,  in  con8e((uenee  of  the  greater  ease  of  transmis- 
sion, always  seek  towards  the  a>ldest  parts ;  as  it  can  de- 
scend witli  the  same  facility  a^  ascend,  it  seems  more  proliable 
that  the  heat  radiated  from  warm  placets  of  the  earth  in  clear 
nights,  after  penetrating  through  the  clear  air  to  a  certain 
elevation,  comes  under  the  influence  of  the  cold  rays,  emana- 
ting from  cold  regions  of  the  earth,  more  or  less  contiguous, 
and  is  propagated  downwards  towards  them.  This  is  merely 
an  application  of  the  views  already  advancetl  resjiecting  capa- 
dty  for  heat.  A  hot  ray  of  radiant  matter  terminates  in 
two,  one  of  which  is  cold,  and  the  other  hot,  and  it  is  con- 
ceived that  a  greater  quantity  of  calorific  excitement  is  pro- 
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pagated  along  the  cold  than  the  hot  ray,  because  its  capacity 
for  receiving  heat  is  greater. 

Bodies  are  heated  and  cooled  by  ethereal  conduction  with 
very  different  velocities.  Other  things  being  the  same,  we 
diould  expect  that  the  process,  whether  of  radiation  or  ab- 
sorption, that  is,  of  becoming  cold  or  warm,  should  go  on 
with  a  velocity  proportionate  to  the  number  of  radiant  atoms 
in  contact  with  a  given  extent  of  surface,  and  this  seems 
to  express  the  phenomena  with  sufficient  precision.  Thus, 
of  all  common  bodies,  lamp-black  contains  the  greatest  num- 
ber of  free  particles  on  a  given  area,  for  the  particle  of  car- 
bon, as  we  shall  afterwards  find,  is  exceedingly  small.  Now, 
this  substance  gives  off  and  absorbs  radiant  heat  more  freely 
than  any  other  which  has  been  tried.  Other  bodies,  too, 
whose  substance  is  composed  of  particles  of  hydrogen,  car- 
bon, silicon,  oxygen,  and  nitrogen,  are  also  remarkable 
for  their  great  radiating  power ;  and  if  they  were  reduced  to 
the  same  mechanical  condition  of  surface,  probably  some  very 
marked  analogy  would  be  found  between  their  relation  to 
radiant  heat  and  their  chemical  constitution.  But  in  the  state 
in  which  they  have  been  examined,  the  amount  of  radiation 
and  absorption  must  have  been  mainly  regulated  by  the  con- 
dition under  which  the  body  was  exhibited.  A  surface  which, 
when  smooth,  makes  only  a  weak  exchange  with  the  radiant 
medium,  cools  or  becomes  hot  much  sooner  when  its  surface  is 
ruffled  or  furrowed  by  parallel  lines.  In  this  case  not  only 
is  its  surface  increased,  but  the  parallelism  of  the  lines  is  ana- 
logous to  that  of  the  radiant  edges,  and  will  admit  of  the  ac- 
cess of  the  radiant  molecules  symmetrically.  But  not  only 
are  there  differences  as  to  the  number  of  points  and  projec- 
tions which  different  sorts  of  substances,  having  the  same 
chemical  composition,  offer  on  the  same  area,  so  as  to  mo- 
dify the  quantity  of  radiant  atoms  in  contact  with  them ; 
there  are  many  bodies  with  which  radiant  matter  cannot 
oome  in  contact  at  all,  and  with  which  its  exchange  of 
heat  must  be  extremely  slow.  Of  this  sort  are  all  those 
bodies   which  possess  a   stratum  of  free   light    upon   their 
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surfkoes,  which  is  indicated  by  their  very  high  refrtctive  and 
reflective  power.  Of  these  the  laminated  and  polished  metals 
are  the  chief.  £very  one  has  had  occasion  to  remark  that, 
whilst  a  hot  fire  is  in  their  immediate  vicinity,  the  polished 
brass  of  the  fender  and  fire-irons  remains  remarkably  cold, 
though  the  action  of  the  fire,  at  their  distance,  upon  the  hand 
be  very  considerable.  The  same  aversion  to  sympathize  in 
the  temperature  of  the  amUent  medium  is  shewn  by  the  great 
length  of  time  which  vessels  of  silver,  brass,  or  planished  tin, 
retain  warm  water,  without  suffering  it  to  cool  otherwise  than 
by  its  own  evaporation  or  radiation  from  the  surface  of  the  li- 
quid. Were  the  metals,  however,  not  in  that  state  of  great 
compactness  in  which  we  are  necessited  to  examine  them,  pro. 
bably  no  such  very  marked  results  would  be  observed. 

Since  heat  is  an  affection  of  the  same  atoms  as  light,  and 
gives  rise,  though  not  always  in  the  same  degree,  to  the  same 
motions,  it  follows  that  it  must  observe  the  same  laws  as  to 
reflection,  refraction,  and  singling,  though  the  same  body 
may,  in  consequence  of  the  perfect  difference  between  heat 
and  light  in  themselves,  act  very  differently  when  reflecting 
the  one  or  the  other.  Thus,  a  metallic  mirror  will  reflect  both 
lumeniferous  and  calorific  excitement  very  freely,  bat  if  it  be 
covered  on  the  reflecting  side  by  a  glass  surface,  the  radiant 
atoms  will  impart  their  calorific  excitement  to  the  gloss,  and  be 
cooled  there,  so  that  the  lumeniferous  rays  reflected  from  the 
mirror  are  now  comparatively  cold.  The  heat  is  mostly 
given  off  to  the  glass,  which  is  a  body  composed  of  very  small 
particles,  as  will  be  afterwards  shewn. 

There  is  no  reason  why  a  transparent  screen,  or  glass  sur- 
face on  a  metallic  mirror  (for  it  is  all  one)  should  transmit 
radiant  heat  rather  than  an  opaque  one.  If  the  radiant  atoms 
conducting  the  heat  be  in  a  state  of  lumeniferous  excitement 
at  the  same  time,  then  the  transparency  will  be  of  avail  in 
continuing  the  same  state  of  themio-lumeniferous  excitement 
on  the  other  side.  But  where  the  radiant  excitement  can- 
not be  propagated  after  the  manner  of  light,  but  simply  as  an 
atomic  tremor,  those  screens  would  transmit  heat  most  easily 
which  conduct  it    most   easily,  and  all  such  bodies  hap|Kn 
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to  be  opaque.  Radiation  is  merely  the  conduction  of  heat  in 
the  radiant  medium,  and  those  screens  will  be  most  permeable 
to  radiant  heat  which  permit  the  closest  contact  of  the  greatest 
numberof  radiant  atoms,  and  transmit  tiie  tremor  through  their 
own  substances  most  rapidly.  The  transmitting  powers  of  two 
screens  can  scarcely  be  compared  together  ;  for  unless  a  clear 
glass  one  and  a  blackened  glass  one  have  the  same  disposn- 
tion  to  radiate  heat  themselves,  that  which  radiates  back  the 
gretitest  quantity  (which  is  so  much  lost),  has  obviously  the 
smaller  remainder  to  transmit ;  and  if  two  screens  do  not  ad- 
mit the  ethereal  contact  equally,  that  will  transmit  the  great- 
est quantity  to  which  the  greater  quantity  of  radiant  matter 
is  contiguous.  Unless  the  symmetry  and  structure  of  two 
screens  be  mechanically  the  same,  they  cannot  be  compared. 

Transparent  and  opaque  screens  transmit  radiant  heat  in 
the  same  way,  that  is,  by  those  fibres  of  their  own  substance 
becoming  heated  on  which  the  hot  radiant  atoms  are  incident. 
But,  when  the  heat  is  urged  so  as  to  excite  the  subtile  fluid 
of  the  radiant  atoms,  so  that  they  are  in  a  state  of  thermo-lu- 
noeniferous  excitement  or  fire,  in  virtue  of  its  luminous  na- 
ture, it  may  now  be  transmitted  along  the  lines  of  transpa- 
rency of' the  screen,  and  continued  in  the  same  state  of  calo- 
rific excit^ent  on  the  other  side.  Without  succeeding  in  in- 
ducing an  equal  degree  of  heat  in  the  screen  through  which 
it  is  transmitted,  it  may  induce  a  high  degree  of  calorific  ex- 
citement in  the  ethereal  rays  on  the  farther  side  of  the  screen ; 
for  the  lumeniferous  excitement  which  is  transmitted,  origi- 
nated in  a  certain  thermo-state  of  the  solid  matter  of  ethereal 
atoms,  and  when  the  thermo-lumeniferous  state  is  induced  (by 
transmission)  upon  the  subtile  matter  investing  the  ethereal 
atoms  on  the  further  side,  its  immediate  reaction  upon  their 
solid  nuclei  is  to  induce  the  state  of  atomic  tremor  proper  to  the 
existing  state  of  excitement  of  the  subtile  matter.*  From  a  very 
hot  body,  then,  different  sorts  of  hot  rays  will  be  emitted  to- 
wards cold  bodies,  depending  for  the  intensity  of  their  heat 
on  the  hotness  of  those  points  of  the  hot  body  on  which  they 

*  This  mode  of  reasoning  is  analogous  to  that  of  p.  161. 
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are  iacidait  By  interpoBug  a  traiupareDt  icreen,  they  wiD 
be  aeparatcd :  those  in  which  the  calorific  excitement  predo- 
wr"f»^  oirer  the  lumeniferous  will  impart  all  their  heat  to  the 
Kreen,  or  be  reflected  or  radiated  from  the  nde  most  oonti- 
gQoaa  to  the  hot  body ;  but  those  which  are  sufficiently  lu- 
Bcnifisrous  to  be  propagated  in  this  aqpadty,  will  penetrate 
screen  after  screen,  with  only  small  losses  compared  with  that 
thinning  which  takes  place  at  the  first  screen. 

The  hot  light  which  is  thus  transmitted,  differs  from  ooU 
^^t  in  its  movements  and  condition.  Its  subtile  matter,  not 
kas  than  its  atomic  matter,  vibrates  elasticaUy  around  the 
eentre  of  the  atom  which,  in  reference  to  this  motion,  is  qui* 
esoeot.  But  the  atom  also  vibrates  as  a  whole,  the  centre 
performing  excursions  on  both  sides  of  its  mean  place.  It  is 
not  difficult  to  conceive  that  light,  in  this  tremulous  state,  may 
be  propagated  through  a  transparent  screen,  without  making 
it  so  warm  as  the  radiant  medium  on  the  emergent  side ;  for 
the  atoms  of  radiant  matter  in  the  substance  of  the  screen  may 
be  so  bound  on  the  angles,  that  their  vibratory  or  calorific  ex- 
citement is  difficult.  This  restraint  will  allay  the  tremor  of 
the  subtile  fluid  investing  them  immediately  after  it  has  exci« 
ted  a  nmilar  state  in  the  next  contiguous  atom  in  the  course  of 
the  ray,  and  thus  the  tremulous  light  will  be  transmitted  in 
pulses  with  intervals  perhaps  of  common  light.  But,  when  the 
tremulousness  gains  the  other  side,  there  is  no  impediment  to 
the  vibrations  of  the  atomic  matter  of  the  radiant  medium ;  it 
will  therefore  be  immediately  induced  by  the  tremor  of  its  in. 
vesting  subtile  atmosphere. 

With  regard  to  the  amplitude  of  the  excursions  of  these 
particles  of  fire,  it  seems  to  follow  that  they  are  larger  than 
those  of  common  light.  For  though  the  tendency  of  matter 
to  expand  as  far  an  possible,  would  lead  us  to  infer  that  the 
angles  of  an  atom  are  at  their  greatest  distances  when  that 
atom  is  quiescent,  and  that  heat  is  in  fact  a  conatus  of  the 
at(xn   to  become  spherical,   still  the  depth  of  its  repulsive 
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ii^  mofft  beLtxpandcd,  in  consequence  of  the  exhibntioa  faj 
btnt  Ab  the  temperature  of  the  hot  body  is  urged»  liovefcry 
dib  mys  become  more  embentljr  lumemferous ;  the  chemiixl 
or  electrical  action  prevaUs  over  the  mechanical  or  .caloafio»; 
and Biaajr  of  ibe^rays  emitted  approziipate  in  their.natuoe.loi 
conmcm  light  ,  This  is  particularly  the  case  in  combustaan 
and.  flame..  In  eiwry  instance  where  these  phenomena  ocacnr^ 
there  is  a  change  in  the  equilibrium  oi  the  radiant  contqpiova 
10  the  coAabutfible.  In  ordinary  cases,  indeed,  as  will  after* 
wards  be  shown,  wherever  axx>mbustible  body  is  burned,  an 
atom  of  radiant  matter  is  set  free  by  every  particle  of  oiLygen 
which  is  consumed,  and,  added  to  the  radiant  medium  in  its 
state  of  excitement,  it  naturally  gives  rise  to  a  ray  of  light.    .- 

But  all  the  radtiant  light  and  heat  that  are  generated  by 
combustion,  or  otherwise,  are  little  to  be  considered,  compared 
with  that  which  emanates  from  the  sunbeam.  When  the 
flame  of  a  very  bright  Argand  lamp  is  placed  in  a  field  of 
pmw,  it  seems  merely  a  dim  yellow  object,  which  one  would 
not  suppose  to  be  flame,  and  if  held  up  between  the  eye  and 
the  sun,  it  becomes  invisible  altogether.  To  shew  even  vivid 
combustion  with  any  efiect  as  a  luminous  object,  it  is  neceSi* 
sary  that  the  chamber  be  darkened.  Even  the  diffuse  light 
of  day  Is  incomparably  more  powerful  ^than  any  light  that  can 
be  artifirially  excited. 

The  light  of  the  sun  is  well  known  to  be  accompanied  by  a 
very  considerable  power  of  heating  every  body  on  whicih  it  is 
incident.  There  are  remarkable  differences,  however,  accord- 
ing to  the  body^s  action  upon  light.  Those  substances  which 
are  covered  by  a  stratum  of  light  (which  prevents  the  contact 
of  the  radiant  atoms)  restrain  the  calorific  action  of  the  sun* 
beam  the  most  perfectly.  Bodies  with  a  high  lustre  conae* 
quently  remain  cool  in  the  sunbeam ;  white  bodies  are  moal 
difficultly  heated,  black  most  easily ;  and  intermediate  co- 
lours  resist  the  calorific  action  of  the  radiant  medium  by 
which  they  arc  illuminated,  in  proportion  as  they  reflect  a 
larger  quantity  of  the  ethereal  rays  incident.     These  are  ne- 
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Itieoea  of  the  structure  of  the  aofaur  my,  and  the 
vaHny  dt  frnlities  which  different  bodies  aflbrd  to  the  per- 
inftWD  of  the  mdiont  atoms  on  their  solid  substance,  and  they 
air  abundantly  confirmed  by  observation.  A  bright  metallic 
■irrar  remains  very  cool  for  a  long  time,  whilst  a  sunbeam 
ii  iBckleiit  upon  it,  and  while  the  sun^s  image  in  the  focus  b 
wvm  enough  to  melt  flint  in  a  moment.  But  if  the  mirror 
he  covered,  even  by  a  very  thin  pellicle  of  smoke,  instead  of 
iffci'ting  to  the  focus  the  solar  rays  incident,  it  immediately 
piDOBeds  to  become  warm  itself.  The  action  of  radiant  heat  is 
benutifully  described  by  Boerhaave  in  his  chapter  De  Igne, 
which  is  wmthy  of  being  named  along  with  the  Opticks  of 
Newton.  The  effect  of  colour  is  also  easily  seen,  by  exposing 
patdiea  of  the  same  sort  of  cloth,  hut  of  different  tints,  upon 
of  snow.  The  heat  which  they  receive  melts  the 
beneath  them,  and  they  sink  below  the  level  of  the  sur- 
fiioe,  according  as  they  absorb  more  and  more  of  the  solar 
rvf.  Aware  of  this  power  of  black  bodies  to  aid  the  sun  in 
adtiDg  snow,  the  inhabitants  of  some  valleys  of  Switzerland, 
wgmaAle  the  snow-oovered  gardens  with  black  earth,  in  con* 
aequenoe  of  which  the  snow  disappears  more  rapidly.  An* 
alogouB  phenomena  are  presented  in  the  giving  out  of  heat  by 
bodies  of  different  colours,  when  the  incident  nulianl  matter 
is  Illuminated.  Thus,  if  a  lock  of  white,  and  another  of  black 
wool  be  exposed  to  a  clear  hky,  in  the  shade  ;  during  the  day- 
time^ the  black  lock  will  continue  the  colder  of  the  two,  as, 
fraiD  the  radiant  contact  which  it  permits,  it  parts  with  its 
heat  more  readily  to  the  sky ;  but  during  the  night,  when 
they  are  equally  black,  both  are  equally  cold.  Hence,  we 
may  say,  that  whiteness  insulates  a  Ixxiy  in  the  day-time,  and 
makes  it  more  dependent  on  itself  for  its  temperature,  while 
blacknesa  makes  it  quite  contiguous  to  the  radiant  medium, 
and  causes  it  to  partake  with  ease  in  all  the  variations  of  radiant 
tempeiBture.  White  dresses  are,  consequently,  the  warmest 
in  all  cases,  when  the  heat  caused  by  the  solar  radiation 
Is  under  the  temperature  of  the  iKxly,  and  a  white  fur  or  plu- 
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mage  is  much  better  adapted  to  a  brumal  period  tlian  a  Uacfc 
one.  But  for  inanimate  objects,  such  as  wnlls  for  fruit-trees^ 
a  black  colour  may  be  much  warmer  than  a  white  one ;  for  a 
black  surfapeabsorbs far  more  solar  hent  during  the  sunshine^ 
and  in  the  absence  of  day  light,  both  the  white  and  the  black 
must  radiate  much  the  same,  if  they  do  not  differ  otherwise 
than  in  colour.  These  phenomena  enable  us  to  see  the  admir« 
able  harmony  of  efiects  which  arises  from  a  change  towards 
whiteness^  in  the  covering  of  animals  in  brumal  and  arctic  di* 
mates,  during  the  snowy  season*.  For,  not  only  is  their  co* 
lour  thiis  assimilated  to  that  of  the  ground  on  which  they 
must  exist,  as  it  was  during  the  summer,  and  thus  the  same 
risk  of  destruction  from  predaceous  animals  incurred,  and  the 
balance  of  species  sustained,  but  their  whiteness  performs  the 
same  part,  in  reference  to  the  radiant  medium,  that  the  oil  on 
the  plumage  of  sea-fowl  does  in  reference  to  the  water.  Il 
prevents  them  from  being  wetted  by  the  cold. 

Whence  comes  the  heat  of  the  sunbeam  ?  Does  an  ethereal 
ray  become  hotter  as  its  parts  are  nearer  the  sun  in  the  inverse 
ratio  of  the  square  of  the  distance  ?  Such  an  idea  leads  to  very 
extravagant  notions  as  to  the  temperature  of  the  sun,  and  the 
coldness  of  the  more  remote  planetary  orbits,  and^  were  it 
true,  would  form  an  exception  to  the  law  of  compensation^ 
which  we  find  everywhere  operating,  whose  function  is  to 
produce  a  mean  result,  a  deficiency  in  one  factor  being  sup- 
plied  by  the  abundance  of  the  other. 

Supposing  no  exchange  of  heat  to  take  place  between  the 
heavenly  bodies,  each  must  possess  a  specific  heat  proper  to 
Its  matter,  which  will  be  the  sum  of  the  different  specific  heats 
of  all  its  substances ;  and  the  quantity  of  specific  heat  belong* 
ing  to  each,  supposing  it  homogeneous,  will  be  proportional 
to  the  number  of  atoms  it  contains,  that  is,  to  its  mass.  If, 
then,  we  suppose  all  the  members  of  the  planetary  system  to 
have  had  at  first  their  matter  in  the  same  state,  the  quantity 
of  specufic  heat  possessed  by  each  will  be  represented  by  its 
mass ;  but,  previous  to  any  excitement  or  loss,  the  tempera<» 
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twe  of  tkeir  surfaoet  must  be  the  aaoie.  It  I60ow§^btoiw&rer^ 
that  sustained  pressure  upon  a  mass  poaseasiiig  a  certain  spe^. 
cific  atomic  tremor,  or  beat,  must  directly  go  to  diminish 
oootinually  the  quantity  of  that  tremor,  by  diminishing,  tbe 
spaces  through  which  the  angles  of  the  atoms  may  vibrate. 
But  such  an  effect  must  immediately  be  indicated  by  a  rise  of 
tKnperature,  or  a  disposition  to  communicate  heat  to  other 
bodies^  whose  drcumstances  are  more  favourable  for  enter- 
taining that  state  of  motion  which  the  compressed  body  is  nc» 
oessitated  to  part  with.  Phenomena  such  as  this  are  constantly 
exhibited.  When  air  is  coqdpressed,  the  containing  vessel  be- 
oomes  hot;  and  in  rolling  and  compressing  metals,  the  whole 
apparatus  often  becomes  exceedingly  warm.  The  capacity  for 
heat  proper  to  the  body  suffering  compression,  is  continually  di- 
m^njAp^  by  that  compression ;  but,  previous  to  its  compression, 
its  capacity  was  supplied  by  its  specific  heat ;  when  it  suffers 
a  diminution  of  capacity,  therefore,  heat  must  be  given  off  to 
ioiTouDding  bodies.  The  capacity  and  specific  heat  of  those 
strata  of  planetary  bodies  which  are  not  superficial,  and  are 
suffbriog  compression  by  such  as  are  incumbent,  must  thero- 
ftne  be  suffering  a  continual  diminution.  This  heat,  expelled 
firom  the  stratum  now  suffering  compression,  cannot  be  pro- 
pagated towards  the  centre,  for  the  inferior  strata  being  com- 
pressed by  a  greater  weight,  are  les.s  fit  for  entertaining  it 
than  diat  now  losing  its  capacity.  The  heat  must,  therefore, 
proceed  towards  the  circumference,  and  will  appear  on  the 
sur&ce  as  temperature,  that  is,  a  greater  degree  of  heat  than 
that  which  is  proper  to  the  contiguous  body  which  has  been 
long  in  contact  with  it.  From  this,  it  appears  tliat  a  process 
is  going  on  by  which  heat  is  constantly  propagated  from  tlie 
interior  of  a  planet  towards  the  su{)erficial  parts.  Nor  is  the 
process  sudden  or  volcanic,  but  slow,  like  the  progress  towards 
quiescence  of  an  elastic  and  sonorous  body  ;  and  it  is  evident, 
that,  if  the  mass  of  the  planetary  body  Ire  great,  and  its  quan- 
tity of  specific  heat  consequently  great,  from  this  action  of  the 
agfat  of  the  superior  strata,  an  immense  degree  of  heat  may 
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be  omducted  towards  the  circiimferenoe  for  an  indefinite^  but 
not  infinite,  number  of  ages.* 

>  For  this,  however,  it  is  necessary  that  the  surface  be  re- 
lieved of  its  high  temperature  by  colder  bodies ;  for,  were  this 
not  to  hi^pen,  the  superficial  atoms,  sustaining  a  very  great 
heat,  would  be  in  a  state  of  constraint  as  great  as  the  inferior 
atoms  compressed  by  the  column  above  them,— -the  heat  of  the 
Encumbent  strata  would  attenuate  their  attraction,  and,  ocmse- 
quently,  their  gravitating  energy  would  be  proportionally  <Umi- 
nished,  and  the  compresaon  and  peripheral  propagation  of  heat 
would  cease.  Supponng  all  the  planetary  bodies  of  equal  an« 
tiquity,  insulated  in  space,  and  composed  throughout  of  ho- 
mogeneous atoms,  this  view  would  assign  to  them  superficial 
temperatures  proportional  to  their  masses.  But  differences 
-would  soon  arise  to  modify  such  a  state  of  things,  and  each 
would  have  a  specific  character  in  the  heat  of  its  superficial 
strata,  as  it  has  in  the  other  elements  of  its  physical  condition. 
None  of  the  planetary  bodies  is  insulated.    All  of  them  are 

*  '*  Do  not  great  bodies  conserve  their  heat  the  longest,  their  parts  heat* 
ing  one  another ;  and  maj  not  great  dense  and  fixed  bodies,  when  heated 
bejond  a  certain  degree,  emit  light  so  copiously,  as,  by  the  emission  and  re- 
action of  their  light,  and  the  reflections  and  refractions  of  its  rajs  within  their 
pores,  to  grow  still  hotter  till  they  come  to  a  certain  period  of  heat,  such  as 
is  thai  of  the  sun  ?  And  are  not  the  sun  and  the  fixed  stars  great  earths, 
vehemently  hot,  whose  heat  is  conserved  by  the  greatness  of  the  bodies, 
and  the  mutual  action  and  reaction  between  them  and  the  light  which  they 
emit,  and  whose  parts  are  kept  from  fuming  away,  not  only  by  their  fixity, 
but  also  by  the  vast  weight  and  density  of  the  atmospheres  incumbent 
upon  them,  and  very  strongly  compressing  them,  and  condensing  the  va- 
pours and  exhalations  which  arise  from  them  ?'*— Op(ic«,  Q.  2.  Newtaii*s 
mind,  as  displayed  in  his  Queries,  compared  with  his  Prindpia  and  Optics, 
reminds  one  of  those  beautiful  fireworks  which  first  ascend  aloft  like  rock- 
ets, but  without  noise  and  scintillation,  until  they  have  attained  a  most 
sublime  elevation,  after  which  they  are  for  a  moment  stationary,  when 
they  break,  dispersing  around  a  multitude  of  beautiful  little  ligfats, 
wanting  unity  and  direction,  indeed,  and  even  pursuing  opposite  couxaes, 
but  all  of  them  very  beautiful,  like  the  grand  globe  out  of  which  they 
sprung. 
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cnluiilj  pGH8HS0  loiM  powcT  01  ivlieviiig  ft  KDIftOe  OK 
ilB  hMt,  dmii^  we  cnmot  atoertftin  to  whftt  ftBMNmt  But 
tb  whfttefw  cstott  dub  caloiJIie  cachwnait  in  the  ndinit 
mtfUtBt  ftfomid  ft  ftar  or  pbmet  msj  otoid,  thme  en  bo  no 
dodbl  but,  eonrfdaod  faj  itodf^  it  deenftKo  ot  tbo  npiaio  of 
tftt  dblftiiee  iiwrgowi  Aooordiiig  to  thit  ^iew,  tfaany  the  cft- 
klife  oangjr  of  plflBeU  or  stsn»  eoondcred  mord j  ot  tomen 
of  hMt,  it  ftko^  Hko  their  lomcnlferout  cnogj,  iiumumuI  bj 
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ike  mputre  of  tkg  duimS. 


Wift  CM  ottfly  ooooBYO  ft  dicniiad  phoiooiaioiiy  such  ftt 
ihr  pgB|Wigrtinii  of  light,  to  be  czteoded  fram  one  bod j  lo 
to  ftn  hkkfinhe  diftftncp ;  but  ivo  ihould  infer,  that 

in  oonlftrtt  would  speedily  become  enneeoent  The  Teiy  hw 
equality  of  the  contiguous  Tibnitions,  must  constantly  give 
lisa  to  intetferences,  and  cdUnem  must  ensue.  In  as  far  at 
tiMndiant  medium  is  concerned,  then,  and  thb  b  all  we  ha?e 
to  eonsider,  every  phmetary  body  may  be  regarded  as  mora 
or  less  completely  insulated.  The  superficial  temperature  of 
the  planetary  bodies,  supposing  them  constituted  of  atoms 
onginftlly  homogmeous,  and,  in  a  similar  state,  must  then  for 
a  time  have  been  rudely  represented  by  their  masses,  (disre- 
gvding  their  satdlites) ;  but  the  departures  from  this  state 
of  things  are,  no  doubt,  very  great  in  our  age,  in  consequence 
of  the  great  variety  of  mineral  bodies  which  may  have  been 
developed  as  the  temperatures,  and  consequently  the  balancing 
of  the  attractive  and  repulsive  principles  were  different  But 
without  pressing  the  argument  farther  than  our  data  permit, 
it  win  be  granted  that  it  is  much  more  easy  to  see  how  a  tem- 
pctature  may  exist  at  the  upper  limits  of  the  sun^s  atmos[diere, 
adequate  to  throw  it  into  that  state  of  splendid  lumeniferous 
vndnlation  which  we  behold,  than  that  it  should  be  too  cold 
there  for  sudi  a  purpose.  The  actual  quantity  of  heat,  however, 
proper  to  any  atom  or  mass  of  atoms,  will  decrease  as  we 
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descend  towards  the  linteiior,  or  as  <  the  supernal  pressure 
incieaaes;  nor  can  we -say,  whedier  or  not  some  inferior 
stnitum  may  notihave  long  since  attained  a  state  of  absolute 
'Stillness  or  coldness.     Indications  among  the  superficial  strata 
of:  the  action  of  heat  from  beneath,  do  not  necessarily  indicate 
a  state  of  higher  temperature  at  the  central  parts ;  but  rather 
that  these  parts  have  idready  lost  <a  quantity  of  heat  propor* 
tk»al  to  that  from  wluch  their  central  heat  is  inferred,  the 
siaperfioial  beat  noticed  being  nothing  else  than  that  which 
they  have  given  out ;  and  we  cannot  conceive  any  cause  to 
restore  it  to  them  again,  but  the  cooling  of  strata  still  more 
deeply  seated.    Forexplidning  all  the  phenomena  of  solar 
and  terrestrial  heat,  however,  it  is  not  necessary  to  assume 
that  their  central  parts  are  or  ever  were  composed  of  homo- 
geneous atoms,  possessed  of  an  adequate  specific  heat.    A  stra- 
tum of  such  atoms  extending  to  a  certain  depth  would  be  suf- 
ficient, and  that  such  has  really  been  the  case  will,  I' trust, 
appear  in  the  sequel  of  this  work.  The  infringe  temperature  of 
the  surface  of  our  earth  must  be  comparatively  very  low ;  but, 
the  solar  influence  included,  it  may  be  stated,  that  it  is  that 
of  water  under  a  pressure  of  ISlb.  on  the  square  inch ;  for  in 
•  relation  to  water  our  world  is  organized.  Now,  though  the  idea 
be  gratuitous  that  water  should  be  foimd  in  the  sun,  this  might 
take  place  though  that  ponderous  sphere  possessed  a  tempe- 
rature immensely  superior  to  that  of  the  earth.     The  boiling 
pomt  of  water  depends  entirely  upon  the  pressure  upon  its 
surface.     The  pressure  of  the  air  removed,  the  heat  of  the 
hand  is  sufficient  to  cause  it  to  boil  very  rapidly ;  while,  by 
exposing  it  to  great  pressure,  it  appears  to  have  remained  in 
the  state  of  water  when  the  vessel  containing  it  was  red  hot 
If  the  pressure  of  the  atmosphere  of  our  earth,  then,  retain 
water  in  the  liquid  state  till  it  attain  a  heat  of  21T  Fahr.,  or 
100  cent,  the  pressure  of  the  sun's  atmosphere,  which  surely 
will  be  a  very  extensive  one,  may  retmn  water  on  his  surface 
in  a  liquid  state,  though  the  bed  of  his  ocean  were  as  hot  as 
any  one  can  suppose.     Besides  this,  the  increased  gravitation 
of  the  aqueous  particles  themselves,  may  confine  it  to  liquidity 
at  a  temperature  far  higher  than  we  might  readily  imagine. 
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Tbeae  auggesdons,  however,  are  merely  curious,  and  are  in- 
trodtioed  to  shew,  that,  before  we  can  anert,  that,  at  such 
or  soch  a  temperature,  substances  will  be  in  certain  conditions, 
aD  things  must  be  considered.  To  speculate  concerning  die 
pbyncal  condidon  of  other  planetary  bodies,  is  one  c^  the 
most  refined  researches  of  Natural  Philosophy,  and  not  to  be 
attempted  by  every  one  who  wishes  to  know  whether  there 
are  men  in  the  sun  and  moon. 

The  arguments  which  have  now  been  advanced  to  esta- 
blish the  vulgar  opinion  that  the  Sun  is  superficially  very  hot, 
and  may  continue  to  be  so  for  an  indefinite  time,  goes  to  as- 
sert, that  the  Moon,  as  to  her  intrinsic  temperature  of  surface, 
must  be  colder  than  the  Earth.  The  quantity  of  her  q)ecific 
heat  is  less  in  the  ratio  of  her  mass.  Her  compressing  or 
condensing  force  which  developes  the  superficial  heat,  is  also 
less  in  the  same  ratio ;  and  her  surface,  from  which  heat  will 
be  radiated,  is  much  greater  than  that  of  the  earth  in  relation 
to  their  bulks.  All  these  circumstances  should  tend  to  make 
her  intrinscally  colder  on  the  surface,  which  her  rather 
smaller  density,  indicative,  perhaps,  of  a  greater  internal  spe- 
cific heat,  would  not  be  able  to  balance.  All  the  plienomena 
seem  to  countenance  this  idea.  The  coldness  of  moonlight  is 
a  common  remark,  which  ou!;ht  to  follow  if  she  is  really  cold  ; 
for,  according  to  the  comnion  phenomena  of  radiant  heat,  the 
immediate  effect  of  the  coldness  of  her  rays  would  be  to  ab- 
stract heat  or  produce  cold  in  terrestrial  bodies  exposed  to  her 
beams.  This  view  seems  also  to  be  countenanced  by  the  fact, 
that  her  image,  in  the  focus  of  Viletfs  mirror  (in  which  the 
sunn's  image  fused  flint  in  a  moment,)  though  intensely  lumi- 
nous, was  as  cold  as  the  ambient  medium.  But  if  she  be  much 
colder  than  the  earth,  one  of  the  phenomena  most  imme- 
diatdy  resulting  will  be,  that  the  water  on  her  surface  must 
only  exist  as  ice,  and  therefore  she  can  have  no  seas.  Now, 
on  the  whole  of  her  hemisphere  which  is  visible  to  us,  and 
with  which  we  must  content  ourselves,  there  is  no  extent  of 
surface  sufficiently  smooth  to  admit  of  the  supposition  that  it 
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is  liquid,  and  the  very  glacial  aspect  which  she  presents  in 
the  telescope,  are  all  favourable  to  this  view. 

But  even  supposing  that  the  intrinsic  temperature  of  the 
jdanetaiy  bodies  is  represented  in  a  rude  way  by  their  masses, 
and,  consequently,  that  the  superficial  heat  of  the  sun  is  very 
great,  it  does  not  follow  that  his  heat  is  directly  the  cause  of 
the  heat  of  the  sunbeam.  To  suppose  tins,  would,  indeed,  be 
to  assume  nothing  more  extravagant  than  is  usually  done ; 
and  it  might  be  supposed  that  ample  provision  has  been  made 
already  for  a  temperature  of  the  sun^s  body  adequate  to  radi- 
ate a  heat,  which,  at  our  distance  from  him,  shall  still  possess 
all  the  intensity  of  the  fire  of  the  sunbeam.  But,  as  has  been 
already  stated,  it  is  difficult  to  conceive  how  a  mechanical 
tremor,  whether  of  the  atomic  or  subtile  matter  of  the  radiant 
medium,  decreasing  continually  as  the  distance  increases, 
could  be  propagated  to  such  extreme  distances.  That  it  must 
decrease  in  the  course  of  any  one  ray,  follows  from  the  expan- 
^on  of  the  intervals  between  the  rays,  which  remun  quiescent. 
Unless,  then,  there  were  an  aliquot  synchronism  between  the 
movements  of  contiguous  atoms,  their  movements  would  in- 
terfere, and  coldness  would  result,  and  thus  along  the  course 
of  a  ray  perpetual  stoppages  would  occur  to  the  continuous 
propagation  of  solar  heat. 

The  undulatory  theory  of  light  has,  indeed,  familiarised 
our  minds  with  notions  as  to  a  perfect  mechanical  elasticity  ; 
and  if  we  could  receive,  that  a  wave  of  radiant  matter  may  be 
mechanically  propagated  from  a  fixed  star  like  a  wave  of 
water  on  the  surface  of  a  lake,  it  will  demand  but  a  small 
efibrt  to  believe  that  the  mechanical  tremor  of  the  elastic 
matter  of  the  radiant  medium,  at  the  surface  of  the  sun,  is 
propagated  as  far  as  the  earth.  But  we  find  very  little  coun- 
tenance for  the  belief  of  such  perfect  elasticity  from  any  terres- 
trial phenomena,  and  by  these  it  is  right  to  be  guided  as  often 
as  possible.  If  we  were  to  suppose,  as  is  commonly  done,  that 
the  heat  of  the  sunbeam  incident  on  the  earth,  were  continued 
in  an  increasing  ratio,  as  the  inverse  of  the  square  of  the 
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disUDoe,  the  temperature,  eren  at  the  disCauoe  of  many 
oomcts*  perihelkxi  paatagn,  would  be  greater  than  any  thing 
we  can  conceive.  Newton  calculated,  that  the  heat  whidi  dry 
earth,  on  the  surface  of  the  comet  of  1680,  while  at  its  peri* 
heiion,  must  have  conceived  from  the  rays  of  the  sun  (on  the 
soppontion  that  heat  increased  according  to  the  law  that  has 
been  mentioned)  was  2000°  hotter  than  red  hot  iron  !  Thb 
wmigDB  a  temperature  to  the  sun  which  is  quite  inconceivable  to. 
bdoi^  to  matter  under  any  form  in  which  it  is  known  to  us.  We 
are  not  necesntated,  however,  nor  even  at  liberty,  to  entertain 
such  ideas.  The  phenomena  countenance  the  view,  that  die 
heat  of  the  sunbeam  at  the  earth,  (except  in  as  far  as  an  ato- 
mic tremor,  of  a  certain  quantity  is  proper  to  the  transmisnoD 
of  aolar  light,)  is,  in  reality,  excited  only  by  the  impact  of  these 
beams  upon  the  solid  matter  of  the  earth.  A  ray  of  white 
light,  illuminating  a  surface,  is  like  a  hammer  in  the  centre 
of  a  spiral  spring,  performing  nearly  458,000,000,000,000 
strokes  in  a  second,  the  central  part  coming  in  contact  with 
the  surface  struck  as  many  times  every  second. 

Such  a  continuous  percussion  must  certainly  excite  the 
beat  of  the  stratum  of  atoms  on  which  it  is  made,  and  the 
heat  then  generated  must  be  propagated  upwards  along  the 
ray  towards  the  sun,  and  downwards  into  the  substance  on 
which  it  is  incident,  and  the  effect  resulting  seems  adequate 
to  account  for  all  the  temperature  generated  by  the  sunbeam. 
It  makes  it  to  depend  however,  on  the  intensity  of  the  lumeni* 
ferous  action  of  the  sun  ;  and  it  is  remarked,  that  in  arctic 
regions  the  extreme  force  of  the  solar  radiation  is  accompa- 
nied by  a  proportional  brightness  in  the  sun'^s  rays ;  while,  in 
trc^cal  climates,  though  the  lumeniferous  excitement  were 
even  greater,  the  calorific  action  would  be  less  effectual,  in 
consequence  of  the  greater  heat  already  existing  in  the  surface 
on  which  the  sunbeam  is  incident.  This  view  also  makes  the 
temperature  of  the  sunbeam  depend  upon  the  resistance  to  its 
continuity  by  some  opaque  body,  and  certainly  all  the  phe- 
nomena are  favourable  to  such  a  view.  Thus,  a  pencil  of 
rays  may  be  made  to  converge  to  a  focus,  by  a  mirror,  or 
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lent,  and  out  of  this  focus,  though,  in  its  immediate  vicinity, 
not  the  least  heat  can  be  detected ;  but,  in  coming  in  upon 
the  son^s  image,  which  will  be  constituted  there  as  soon  as 
any  body  is  placed  to  receive  it,  such  a  fire  is  generated  as  to 
fuse  flint  This  heat  ii>  the  focus,  as  appears  from  the  ex- 
periments of  Count  Rumford,  is,  as  we  should  expect,  greater 
than  that  in  the  imreflected  sunbeam,  in  the  proportion  of  the 
greater  number  of  rays  impin^ng  on  the  same  area. 

It  has  been  already  assumed,  that  the  density  of  the  radiant 
medium  increases  as  we  ascend  in  the  atmosphere.  The  solar 
radiation,  therefore,  ought  to  produce  a  greater  heat  from  this 
cause,  not  less  than  from  the  more  intense  lumeniferous  ex- 
dtement ;  now  the  observations  on  the  heat  of  the  sunbeam  on 
Icrfky  mountmns,  prove  that  it  developes  more  heat  when 
incident  on  an  opaque  body,  than  in  the  plains  below.  It 
ought  also  to  happen,  that  if  a  very  small  body  were  completely 
insulated,  so  as  not  to  lose  its  heat  by  radiation  or  conduction. 
It  ought  to  become  extremely  hot  in  the  sunbeam,  in  a  ratio 
faster  than  the  decrease  of  its  mass,  the  form  renuuning  the 
same;  and  in  accordance  with  this  view.  Professor  Robison 
found,  that  a  thermometer  laid  on  cork  and  down,  (which  do 
not  cod  bodies  much  by  becoming  warm  themselves,)  and  in* 
milated  in  a  glass  case,  arose,  in  a  summer  day,  to  237^ ;  and 
Saussure  raised  the  temperature  of  a  piece  of  burned  cork  con- 
siderably above  that  of  boiling  water.  By  conducting  these 
cfxgeriments  with  a  very  minute  apparatus,  perhaps  results  of 
a  very  surprising  nature  might  be  obtained,  and  such  as 
would  throw  much  light  upon  vegetable  physiology.  We 
can  form  no  idea  as  to  the  temperature  which  certain  mole- 
cules on  the  leaves  of  plants  may  attain  in  the  sunbeam.  Thus 
the  particles  on  which  their  colour  depends  are  enclosed  in  cells, 
where  there  must  be  perfect  stillness,  in  as  far  as  the  external 
agitation  of  the  atmosphere  is  concerned,  and  they  seem  to  be 
attached  only  by  one  point  to  the  walls  of  the  cell.  These 
walls  are  laminae  far  more  attenuated  and  unfit  for  conduct- 
iQg  heat  than  down ;  and  the  processes  of  assimilation  which 
go  on  there,  may  be  conducted  at  a  temperature  far  higher 
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tfatti  we  migbt  oq  fim  thoughts  hmigipe.  It  appean,  the% 
that  between  the  ran  and  the  earth  a  calorific  axis  nmatesiily 
having  its  neutifal  point,  or  pobts,  where  the  heat  oTthectha* 
real  ray  is  the  same  as  that  proper  to  radiant  matter  simply  !«• 
memfievousinsome  point  between  them,  and  nearer  to  the  earth 
than  the  sun,  in  proportion  as  die  heat  of  reverberation  at 
the  earth^'s  surface  is  less  than  the  heat  propagated  from  the 
son,  in  oonsequence  of  that  proper  to  him,  or  excited  by  the 
percussion  of  the  radiant  medium  upon  him ;  and,  in  like 
manner,  it  seems  to  follow,  that  there  will  be  aome  point  Hi 
erery  kmaeniferous  ray  where  the  calorific  excitement  will  be  a 
minimum,  and  equal  to  that  of  the  ambient  radiant  medium. 
It  IS  difficult  to  ooDoeive,  if  the  radiant  medium  in  the  oelea- 
tial  spaces,  were  actually  heated  by  the  sun,  why  it  should 
be  odd  during  the  night,  for  we  cannot  suppose  the  heat  af 
a  body  in  the  gaseous  state  (which,  of  all  tlie  others,  is  tha 
most  retentive  of  calorific  excitement,)  to  be  lost  like  its  lu- 
meniferous  excitement,  in  a  few  minutes  after  the  removal  of 
the  source  of  heat.  We  find,  however,  that  a  propagation  of 
heat  from  the  earth  upwards,  indicative  of  cold  in  lofty  re* 
gions,  goes  on  from  the  time  of  the  maximum  temperature  of 
the  day,  and  increases  with  extreme  rapidity  after  sunset,  pro- 
ducing  such  a  degree  of  cold  that  there  is  scarcely  a  niunth  in 
the  year,  in  this  climate,  when  the  surface  is  not  subject  to 
be  cooled  down  to  the  temj)eraturc  of  hoar-frost,  though  the 
dimate  be  such  as  to  ripen  wheat  of  the  very  best  (|uality  in 
September.  According  to  the  view  now  advanced,  the  heat  of 
the  sunbeam  is  merely  a  temperature  developcil  by  the  percus- 
sion of  the  base  of  the  rays  on  an  opaque  body,  and  depends, 
for  its  quantity,  on  the  quantity  of  percussion  which  the  body 
admits.  What  the  degree  of  heat  proper  to  the  sunbeam,  in 
oonsequence  of  the  movements  of  the  radiant  atoms  during  the 
transmission  of  light,  may  be,  we  cannot  ascertain.  Admitting 
that  the  transference  of  lumeniferous  excitement  is  cflected, 
without  an  actual  contact  of  contiguous  edges,  the  heat  result- 
ing from  the  motion  can  only  be  excited  through  the  medium 
of  the  subtile  matter ;  and  how  far  such  subtile  tremor  may 
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be  compadUe  with  that  ocmtinued  dumge  of  form  which  it 
MMl  undergo^  in  pasdiig  from  the  negative  to  the  posltiTe, 
and  from  the  pontive  to  the  negative  state  continually,  it  may 
bediffieult  to aaoertain* 

'  The  heat  of  a  ray  (ocmsidered  apart  from  its  action  upon  the 
tfibtile  matter,  as  a  cause  of  evolving  light)  must  be  adverse 
to  the  propagation  of  lumeniferous  excitement  The  light 
emanating  from  a  luminous  body  can  decrease  exactly  in  the 
ittferse  ratio  of  the  square  of  the  distance,  only  when  the  ra- 
diant atoms  conducting  it  are  equally  cold  or  hot,  along  the 
whole  course  of  the  ray.  If  it  be  hot  at  one  part  and  cold 
at  another,  not  only  is  its  symmetry  somewhat  destroyed,  but 
the- parts  diffb*ently  affected  by  heat,  acquire,  to  a  certain 
eattent,  opporite  polarities,  and  thus  the  perfect  induction,  on 
wfiich  lumeniferous  propagation  depends,  is  impeded.  If  the 
beat  of  a  ray  of  light,  then,  decrease  as  the  distance  from  the 
cdbrific  and  luminous  body  increases,  (which,  in  those  cases 
irhete  the  heat  of  the  ray  is  derived  from  the  luminous  body, 
ttiust  be  the  case,)  the  cold,  or  distant  parts  of  the  ray  must 
be  more  highly  luminous  than  those  where  the  temperature 
changes  rapidly ;  and,  consequently,  where  the  recipient  of 
the  lumeniferous  excitement  remains  the  same,  the  intensity  of 
the  light  ought  to  diminish  in  a  lower  ratio  than  that  ex- 
pressed by  the  inverse  of  the  square  of  the  length  of  the 
illuminating  pencil.  But,  in  all  cases,  it  is  reasonable  to 
suppose,  that  a  rod  of  radiant  matter,  like  that  of  any  other 
stidmtance,  is  colder  in  proportion  as  it  is  more  distant  from 
die  flame  which  warms  it,  or  the  extremity  in  the  furnace. 
Now  it  appears,  that  the  light  of  lamps  and  candles,  on  whidi 
only  experiments  can  be  made,  does  not  decrease  at  different 
distances  so  fast  as  the  common  formula  assigns  to  it,  even 
though  it  must  traverse  the  air,  which  cannot  be  altogether 
transparent,  and  which  ought,  therefore,  to  cause  the  light 
in  such  a  medium  to  decrease  faster  than  this  ratio.  Thus,  it 
fellows,  from  the  admirable  experiments  of  Count  Rumford, 
instituted  with  a  view  to  discover  the  amount  of  absorption 
which  light  suffers  in  passing  through  air,  that,  instead  of  aa 
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lUowaoce  tot  km  of  Ught,  mipponig  hii  own  fonuik  to  be 
strictly  true,  there  is  actually  agreater  Ugbt  than  the  fommb 
JMgosi  disregarding  the  obscuring  effect  of  the  air  altqgetbsr. 
He  first  made  use  of  two  wax  candles,  placed  close  tqgetbsTt 
at  a  certnn  distance  from  the  field  of  his  photometer,  aa 
equally  intense  shadow  being  obtained  from  an  argand  huap 
M  a  distance.    One  of  them  was  then  extinguished,  and  the 
odier  brought  near  enough  to  balance  the  shadow  of  the  lamp^ 
which  remained  stationary ;  and  this  took  place  in  the  mean 
of  five  experiments,  not  when  the  one  candle  was  at  half  the 
distanrp  of  the  two.    The  squares  of  the  distance  were  aoC 
as  9St5lJ09  (the  square  of  the  greater  disUnce)  to  lOSflUM 
its  balf^  but  to  1682.61 ;  so  that,  if  we  suppose  the  two  caiidks 
to  be  at  the  distance  of  100  inches  from  their  shadow^  eae 
will  give  an  equally  good  shadow,  not  at  the  distance  of  00, 
but  51.45.      He  then  varied  the  experiment,  substituting 
lamps  for  wax  candles,  in  consequence  of  the  greater  stabiliCy 
of  their  light.     In  this  case,  the  apparatus  was  not  quite  so 
favourable  to  accuracy,  in  consequence  of  the  difference  ia 
the  two  lights  employed,  one  of  them  giving  far  more  l%bt 
and  heat  than  the  other.     Sull,  however,  the  actual  distances 
generally  came  out,  possessing  the  same  characters  as  the  ex* 
periment  with  the  wax  candles ;  and  he  mentions,  that  he 
performed  many  others  with  similar  results.    Upon  the  whole, 
he  concludes  that  '^  the  results  of  them,  so  far  from  affording 
means  for  ascertaining  the  resistance  of  the  air  to  light,  do 
not  even  indicate  any  resistance  at  all ;  on  the  oontary^  it  might 
almost  be  inferred  from  some  of  them,  that  the  intensity  of 
Ugfat  emitted  by  a  luminous  body  in  air,  is  in  a  less  ratio 
than  that  of  the  squares  of  the  distances  ;  hut  as  such  a  con- 
clusion would    involve  an  evident  absurdity,   namely,  that 
li^t  movmg  in  air,  its  absolute  quantity,  instead  of  being 
diminished,   actually   goes  on   to  increase,   that   conclusion 
can  by  no  means  be  admitted.^'  *     It  is  very  seldom  that  this 
excellent  observer  does  not  come  to  a  more  happy  conclusion 

*  Philosophical  Papers,  vol  i.  p.  295. 


190  OF  AADIANT  HEAT. 

ftom  his  expmments*  W^  see)  theo,  that  a  cold  Baioe  moat 
be  i906t  bJgUy  himinousy.suppoaiiig  the  lumeniferous  ex>- 
dteoieiit  which  it  propagates  equal  to  that  of  a  hot  one^  and 
this  eoaUes  us  partly  to  explain  the  difference  in  the  illumi- 
nating  powers  of  hydrogenous  and  carbonaceous  substances. 
Hydrogen :  has:  a  particle,  whose  heat  is  far  greater  than 
carbon^  and,  during  the  percusaon  of  its  union  with  oxygen, 
fiur  more  heat  is  evolved.  Experiment  shows,  that  a  hydrogen- 
ous combustion  will  heat  to  the  same  degree  more  than  three 
times  as  much  of  any  body  as  a  carbonaceous  combustion.  Sir 
H.  Davy  found  that  a  volume  of  olefiant  gas  (which  we  shall 
afterwards  find  to  consist  of  two  particles  of  carbon  and  one  of 
hydrogen)  gave  out,  during  combustion,  SOT  of  heat,  while 
an  equal  vdume  of  hydrogen  gave  out  239* ;  though  the  for- 
mer gas  contains  twice  as  many  particles  as  an  equal  volume 
of  the  latter,  and  heats,  by  union,  ^  volumes  of  oxygen, 
while  the  latter  heats  only  one.  Hence,  parikfj  ordinary 
flames  are  bright,  in  proportion  to  the  quantity  of  carbon 
which  they  contain,  or  in  proportion  to  their  coldness;  and 
flames  bum  the  brightest  when  the  surrounding  radiant  me- 
dium which  constitutes  their  rays  is  cold.  The  same  view 
enables  us  to  explain  the  clearness  of  moonlight  when  the 
weather  is  cold,  the  greater  distinctness  of  very  distant  objects 
in  chilly  weather,  when  the  atmosphere  is  pure,  and  the  greater 
fitness  of  certain  strata  of  air  than  certain  other  strata,  for 
conveying  light,  which  gives  rise,  when  combined  with  the 
resulting  refractions,  to  the  singular  phenomena  of  the  mirage. 
The  view  lately  advanced  ot  the  mutual  relations  of  heat  and 
light,  in  which  the  law  ofcompensation  is  beautifully  exemplifi- 
ed, (the  light  generating  heat  till  the  heat  operates  so  as  to  di- 
minish the  light,  and,  consequentiy,  the  calorific  action  depend- 
ing upon  it,)  has  some  interesting  bearing  upon  the  heat  of  the 
sunbeam,  in  different  regions  of  the  planetary  orbits.  For  it 
will  be  proportional  to  the  intensity  of  the  lumeniferous  ex* 
dtement  there,  which  we  have  already  endeavoured  to  shew 
is  expressed  by  the  same  formula  as  their  gravitation  to  the 
sun.    Instead  of  a  starry  coldness,  then,  the  superior  planets 
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1  giiiid  mahemam  m  tht  cirtL  Wfufbund  iM 
tl»  wws  adviBoed  in  this  work,  mpectug;  tht  iutt"!!  iUnai* 
iMHing  piiwcr  at  the  diflemt  plancti  wcte  bome  outfaj  cth 
■cffttliua  as  fuDj  at  oould  be.  Of  their  tcnpoatuie  we  on 
■equin  no  knowledge  bj  obienratkaiy  or  odwrwiae  th«i  kf 


We  tee,  §ims  that  Hgfat,  in  pMW^  theedge  of  a  hot  faody^ 
we  its  ookmn  changed^  so  that  a  fringe^  with  Ike 
tint  next  the  edge^  must  appear  on  a  scram  piaesd 
toraosiveit  Forthegreatheateont^guoiis  to  theedg^  wil 
be  spt  cithor  to  produoe  darlows^  or  to  derdope  fiolet 
fig^  and  so  on  till  a  oomplete  ^wctnim  is  evolved.  Una 
imcrfieTCnoe,  opraamwd  by  the  motion  of  the  radiant  paiw 
tiflles  contigaous  to  the  edge  of  the  opaque  bodj»  appesrs 
to  be  a  principal  cause  oonoemed  in  the  production  of 
thoee  eoloured  fringis  seen  m  diffiacted  li^t  The  decree 
of  •  heat^  produced  on  the  pngccting  atoms  of  theedge  of  a 
bod|y  intersecting  a  sunbeam,  must  be  very  violent  In  fittt» 
tini  fuses  in  ViUefb  focus,  not  because  a  greater  heat  is  ap- 
fiBed  to  any  one  point,  but  because  a  much  greater  numbsr 
of  poinu  era  brated  to  the  degree  which  is  in  ev^  sunbeaak 
The  intensity  is  the  same,  but  the  quantity  is  diffioent 
Around  the  very  edge  of  a  thin  body,  then,  on  which  a  ray. 
of  the  sun  is  inddent,  there  must  be  a  very  powerful  heat» 
whidi  can  scarcely  be  conducted  away  by  any  substance,  bow* 
ever  dense,  so  fast  as  it  is  exdted. 

The  limit  will  be  immediately  attained  when  those  parti- 
cles, on  whidi  the  my  is  inddeat,  have  attained  the  heat 
vrhadi  results  from  the  percussion  of  a  radiant  atom  transmiu 
ting  light ;  nor  will  we  regard  a  second  of  time  as  too  short 
Ibr  this,  when  we  consider,  that  the  atoms  inddcnt  give  so 
many  nullioos  of  strokes  in  that  time.    Around  this  edge^ 
then,  there  will  be  a  little  cylinder  of  radiant  matter  very  uniSt 
for  oontmiung  the  mys  of  light  which  pass  most  contiguous 
to  the  edge,  and  it  will,  nearest  to  the  edge,  transmit  a  weak 
ocJour,  as  violet,  and  so  on  to  red.    A  soUr  ray  may  also  be 
adontted  by  an  nertura,  in  which  case,  the  phenomena  will 
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fomem  a  moie  definite  cbaracter,  in  oonaequence  of  the  ther^ 
mo-lameniferous  axis  being  symmetrical.     When  a  linear 
aperture  is  used,  the  heat  will  be  propagated  from  both 
ades,  and  the  central  ray  will  probably  be  in  that  state 
which  naturally  arises  out  of  the  transmission  of  a  solar  ray 
at  that  distance  from  its  calorific  base.     If,  again,  the  aper- 
ture be  drcular,  the  same  thing  will  hold ;  but  the  attain- 
ment of  the  cold  point  will  be  in  this  case  more  difficult,  and 
probably  not  in  the  plane  of  the  perforated  lamina,  but  behind 
it     The  lumeniferous  rays,  then,  in  being  constituted  in  these 
apertures,  must  have  not  only  a  motion  in  the  course  of  the 
ray,  necessary  and  proper  to  the  propagation  of  light  in  that 
direction,  but  a  transverse  motion  radiating  from  the  centre 
of  the  aperture,  or  from  the  axis  of  the  ray,  which  will  re- 
quire that  the  light,  in  being  transmitted,  shall  be  modified, 
so  as  to  produce  colours  symmetrically  related  to  each  other. 
The  smaller  the  aperture,  the  more  intense  the  transverse 
excitement  of  the  ray.    By  admitting  sunbeams  thus,  through 
ttnall  slits  and  apertures,  and  by  the  use  of  dense  atomic  bodies, 
the  natural  symmetry  of  the  sunbeam,  and  the  state  of  its  po- 
larity, are  changed  together.   The  radiant  medium,  in  fact,  at 
the  dense  body,  is  as  it  were  changed  from  a  tessular  crystal- 
li2ation  to  one  possessing  free  polarity;  consequently,  when  the 
illuminated  structure  is  viewed  with  a  telescope,  as  by  Fraun- 
hofer,  or  received  on  a  white  surface,  (as  Mr  Herschell  did  with 
polarized  laminie,  when  detecting  the  lemniscoid  developed 
by  the  confluence  of  two  axes,)  spectra  and  chromatic  axes 
are  displayed,   as  when  other  polarized   media  are   viewed 
in  a  similar  manner.      The  beauty  of  the  coloured  rings, 
spectra,  and  fringes,  which  are  thus  developed,    surpasses 
that  o^  the  equatorial  laminae  of  other  crystalline  media,  in 
the  proportion  that  the  radiant  medium  surpasses  all  others  in 
symmetry  and  transparency,  and  fitness  for  the  development 
of  chromatic  phenomena.     Those  which  Fraunhofer  saw,  by 
admituug  a  sunbeam  through  four  small  apertures,  must  have 
been  truly  magnificent;  and    we  have  only  to   inspect  the 
form  which  was  developed,  by  admitting  beams  through  four 
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nmll  apertures  placed  in  the  angles  of  a  square,  to  see  more 
of  the  structure  of  the  radiant  medium  than  could  have  been 
expected  in  an  accidental  experiment.  Drs  Brewster  and 
Seebeck  have  shewn  how  sensitive  the  polarization  of  a  mass 
destitute  of  molecular  individuality,  such  as  a  bit  of  glass,  b 
to  dianges  of  temperature ;  and  a  thermometer  has  even  been 
suggested  founded  on  this  principle.  But  I  hasten  to  attempt 
the  structure  of  a  variety  of  chemical  and  natural  bodies,  ac- 
ocvding  to  the  principles  that  have  already  been  laid  down, 
and,  after  the  perusal  of  the  following  iiagc^H,  the  preceding 
may,  perhii^>s,  be  found  more  interesting. 
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ON  ATOMS,  PARTICLES,  AND  MOLECULES. 

The  Radiant  Medium,  from  its  universal  diffusion,  from 
the  minuteness,  the  solidity,  the  pungency,  and  other  features 
of  its  atoms,  gives  rise  to  phenomena  in  the  economy  of  na- 
ture, not  a  little  different  from  those  of  other  aeriform  media. 
These  phenomena,  however,  are  only  its  natural  and  specific 
properties,  depending  on  its  physical  constitution,  and  all 
other  bodies  possess  analogous  properties,  in  as  far  as  their 
physical  constitutions  are  analogous.  It  has  been  treated  of 
apart  from  other  chemical  bodies,  not  because  it  is  essentially 
different  from  them,  but  because  it  is  the  element  to  which 
they  are  related  in  such  a  manner,  that  their  particles  are 
symmetrical  structures  constituted  of  radiant  atoms. 

These  particles,  commonly  called  the  Atoms  of  Bodies,  pos- 
sess, as  is  always  received  in  chemistry,  the  same  form,  mag- 
nitude, and  structure,  in  the  same  species  of  substance.  But 
in  dissimilar  bodies  they  differ  in  these  particulars,  and  this 
constitutes  the  specific  difference  between  one  body  and  an- 
other ;  the  solid  impenetrable  matter  of  which  they  consist 
being  at  the  zero  of  heat,  or  in  a  state  of  rest,  imiversally  the 
same  in  naiture  and  properties.  But  as  two  bodies  may  be  in 
very  different  states  of  calorific  excitement,  while  their  tern- 


ATOMS,  PARTICLES,  AND  MOLECULES.  19ff 


peraUire,  that  is,  their  dispositioo  to  part  with  their  heat,  aa 
as  to  warm  or  affect  by  heat  a  third  body,  may  be  the  same, 
spedfie  heat  must  be  regarded  as  an  element  modifying  the 
oonditieQ  of  the  ultimate  atoms  of  bodies.  In  acquiring  a  cer- 
tain spedfie  heat,  then,  when  it  enters  into  the  composition  of 
any  qpedfic  body,  the  substance  of  an  atom  of  common  matter 
acquires  a  spedfie  modification,  and  this  necessarily  aflecta  it 
in  ail  those  quahties  by  which  only  it  can  be  known  to  us. 
But  in  a  state  of  absolute  coldness,  or  when  the  calorific  ex- 
citement of  any  number  of  bodies  is  every  way  the  same,  the 
impenetrable  matter  of  which  they  consist  is  the  same  in  na* 
ture  and  properties  universally. 

This  doctrine,  though  little  attended  to  by  many  chemists, 
has  generally  found  advocates  in  those  great  philosophers,  whose 
general  knowledge  of  physics  enables  them  to  form  expansive 
views  of  the  structure  of  the  universe.  The  reason  why  it  is 
but  Httle  entertained  by  some  chemists  is,  because  they  think 
that,  if  all  undeoomposed  substances  really  consisted  of  the 
same  kind  of  matter,  doubtless  they  ought  to  he  able,  in  some 
experiment  or  other,  to  reduce  them  to  the  same.  But  this 
18  to  entertain  hr  too  high  a  conceit  of  chemical  power.  It 
requires  the  highest  energy  of  analysis  to  8eparate  oxygen 
from  mlioon,  though  each  of  these  substances  possesses  a  highly 
symmetrical  form  and  specific  individuality  of  its  own,  and  they 
be  merely  retained  in  union  by  a  well-balanced  chemical  af- 
finity. Until  the  vigour  of  our  decomposing  apparatus  be 
greatly  encreased,  there  is  no  reason  to  suppose  that,  though 
diannular  masses  were  constituted  of  radiant  matter,  or  the 
matter  of  Kght,  they  ought  to  have  returned  to  this  state  du- 
ring the  manipulations  of  the  chemist.  In  many  experiments, 
a  few  millions,  perhaps,  of  the  external  particles  over  which 
the  vohaic  repulsion  or  other  destructive  energy-  is  diffused, 
are  dissipated  into  atoms,  as,  doubtless,  in  others,  such  as 
sulphur,  phosphorus,  and  carbon,  they  are  resolved  into  hy- 
drogen. But  how  many  millions  must  be  destroyed  before  a 
loss  of  wdght  would  be  indicated  ?  Even  though  the  surface 
of  the  mass  exposed  for  decomposition  were  half  a  square 

n2 
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inch,  and  the  weight  of  a  particle  as  great  as  that  of  gold, 
which  is  believed  to  be  more  than  100  times  as  heavy  as  one 
of  hydrogen^  it  is  certain  that  a  complete  stratum  of  the  su- 
perficial particles  might  be  dissipated,  without  diminishing  the 
weight  of  the  remainder  y^^th  of  a  grain ;  for  a  single  grain 
of  gold  may,  even  mechanically,  be  made  to  cover  completely 
600  cubic  inches. 

.  If  we  could  operate  with  our  voltaic  and  oxy-hydrogen  foci 
upon  a  few  particles  of  a  substance,  perhaps  even  with  our 
present  apparatus  we  might  be  able  to  resolve  any  body  into 
radiant  matter.     But  we  must  operate  upon  sen^ble  masses, 
whose  quantity  constantly  exercises  a  powerful  energy  to  re- 
produce the  substance  as  fast  as  it  is  destroyed,  and  whose 
dissipation,  though  a  particle  were  destroyed  every  second, 
would  require  the  experiment  to  be  sustained  for  many  ages. 
.    The  convertibility  of  one  undecompounded  substance  into 
another  is,  however,  everywhere  apparent,  by  the  aid  of  those 
insUvments  of  analyns  which  constitute  the  organization  of 
plants  and  animals,  and,  not  unfrequently,  even  by  the  aid  of 
the  more  rude  apparatus  of  the  laboratory.    Thus,  it  appears 
that  more  carbon  is  ejected  from  the  lungs  than  can  posably 
be  absorbed  from  the  food  consumed,  though  some  be  also 
added  to  the  system.     Herbivorous  quadrupeds,  which  are 
not  known  to  consume  any  phosphorus  or  nitrogen,  generate 
it  out  of  grass  or  water  in  many  ounces  every  day.     During 
the  hatching  of  eggs  earthy  matter  is  developed.     Plants, 
fed  upon  pure  water,  supply  themselves  with  carbon,  oxygen^ 
hydrogen,  potassium^  rilicon,  iron,  &c.  &c. ;  the  introduction 
of  which,  from  without,  in  such  quantities  as  are  found  in 
their  substance,  has,  in  many  experiments,  been  rendered  im- 
possible.    All  the  phenomena  of  assimilation  are  easily  ac- 
counted for,  on  the  supposition  that  the  unchangeable  element 
of  matter  is  more  minute  than  any  of  our  chemical  substances, 
and  by  such  a  supposition,  a  reason  is  at  the  same  time  given 
why  the  assimilating  apparatus,  which  has  such  an  office  to 
perform,  is  of  a  structure  so  perfect  and  so  complicated.  But, 
on  the  hjrpothesis  that  plants  and  animals  receive  from  with- 
out all  the  undecompounded  substances  which  enter  into  the 
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cumpoMtiop  of  tbeir  bodiesi  we  must  provide  food  for  tbeoi 
for  which  they  have  do  qipetite,  and  discover  it  where  it  is 
not  known  to  exist  To  revolve  all  bodies  into  hydrogen  and 
atoms,  will,  probably,  be  the  highest  effort  of  chemical  ener- 
gy ;  and  it  may  be  long  before  this  effect  be  produced,  ex- 
cept, perhaps,  with  a  few,  such  as  phosphorus,  sulphur,  oxy- 
gen, nitrogen,  sodium,  and  other  unexpanded  forms,  which 
may  perhaps  be  resolved  into  smaller  bodies ;  for  they  contain 
fittes  of  atoms  pressed  against  each  other,  and  are,  cons»> 
quently,  subjected  to  a  repulsion  operating  to  expand  them. 

But  though  some  chemists  pay  but  little  regard  to  the  ul- 
timate constitution  of  matter,  and  are  not  excessively  curious 
as  to  the  natural  affinities  of  chemical  bodies,  others  are  dis- 
posed to  press  these  views  to  the  utmost  limits  of  which  the 
evidence  will  admit  Of  this  number  is  Thomson,  a  most 
learned  and  acute  diemist,  from  whom  I  shall  often  have  oc- 
casion to  difler,  but  never  without  admiratioo  of  what  he  has 
adiieved.  Speaking  of  this  subject,  he  says,  <*  With  respect 
to  the  notion  entertained  by  Boecovich,  that  the  ultimate 
atoms  of  bodies  are  homogeneous,  we  are  incapable,  at  pre* 
sent,  of  dedding  whether  it  be  well  or  ill-founded.  It  is  not 
likely  that  any  of  these  ultimate  elements  of  bodies  has  ever 
come  under  our  inspection.  All  our  simple  bodies  are,  most 
probably,  compounds.  It  is  possible  that  the  ultimate  ele- 
ments of  bodies  may  be  very  few, — it  is  even  conceivable  that 
they  may  be  reduced  to  two,^*  &a 

But  if  little  has  been  done  by  the  manipulations  of  chemistry 
€o  prove  the  ultimate  unity  of  matter,  far  less  has  been  done  to 
disprove  it ;  and,  by  the  evolution  of  the  combining  ratios  of 
chemical  bodies,  we  are  now  in  a  condition  for  inquiring  into  the 
ultimate  structure  of  these  particles.  Neither  could  any  time  be 
anddpated  as  more  favourable  for  such  an  investigation  than 
the  present,  since  it  is  not  to  be  concealed  that  chemical  analyses 
begin  already  to  be  sophisticated,  with  a  view  to  conform 
ibem  to  certain  atomic  weights,  which  cannot  be  expected  to 
ba  absolutely  correct,  when  their  very  basis  lies  in  the  weight 

*  First  Principles,  vuL  i.  p.  31. 
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of  gaseous  bodies,  a  circumstance  in  tbeir  conBlitution  so  va- 
riable, that  no  two  specimens  of  a  gas  in  the  hands  of  di£Per- 
ent  experimentalists  were  ever  found  to  possess  the  same 
weight.  Even  vital  air  itself  gives  such  variaUe  results,  that 
tlie  miobjectionable  experiments  of  Saussure,  compared  with 
dfeoee  tif  Berzelius  and  Dulong,  indicate  a  differ^ioe  of  more 
than  three  grains  upon  a  hundred ;  and  the  wdght  of  hy- 
drogen fixed  upon  by  Dalton,  as  the  basis  of  his  system, 
differs  from  that  now  gienerally  received,  by  about  fourteen 
grains  in  a  hundred.  It  is  not  to  be  denied,  that,  in  deter- 
aiimng  the  wei^t  of  a  gas,  it  b  always  necessary  to  take  the 
mean  of  experiments  often  differing  by  a  large  firaction  of  the 
whole,  and  this  is  at  once  to  recognise  error  as  unavoidable^ 
and  to  do  sacrifice  to  it. 

Most  ingenious  attempts,  indeed,  have  been  made  to  avoid 
the  sources  of  error  which  are  obvious  in  wdghing  bodies  as 
light  as  air,  by  ascertaining  the  weight  of  their  matter  in  an- 
other state ;  and,  in  most  cases,  it  appears  that,  in  this  way, 
accurate  indications  of  the  quantity  of  gaseous  matter  in  a 
giv^n  volume,  that  has  been  generated,  might  be  determined. 
But  where  water  is  resolved  into  free  or  gaseous  hydrogen,  and 
oxygen  remaining  in  a  state  of  union,  it  will  afterwards  be 
shewn  that  there  is  a  cause  operating  that  requires  a  correc- 
tion on  the  indications  of  the  balance,  before  their  relative 
quantities  of  matter  be  accurately  assigned.  This  state  of 
things  has  introduced  a  small  difference  between  the  greater 
number  of  the  atomic  weights  advanced  in  this  work  and 
those  generally  received  ;  but  by  applying  an  uniform  correc- 
tion,  it  will  be  found  that  they  are,  in  general,  nearly  the 
same,  or  some  multiple  of  each  other.  It  is  to  rigid  analyss, 
however,  that  an  appeal  is  chiefly  made  for  the  truth  of  the 
atomic  weights  here  advanced. 

The  particles  of  bodies,  where  they  are  highly  symmetrical, 
and  when  their  electrical  fluid  is  well-balanced  between  their 
pyramidal  and  prismatic  regions,  generally  exist  singly,  at 
least  when  they  aggregate,  or  unite  with  other  bodies  neariy 
of  their  own  size.  But  when  their  symmetry  or  electrical  equi- 
librium may  be  improved  by  so  doing,  or  when  they  unite  with 
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poticfa  kigar  than  tlieiiiiehfes,  as  has  been  i^^ 

pi^[a^  ft^  are  1^  Id  gioiq>  together  into  ooropcwiid  ptftk^ 

inainriikij  MWiaiting'rf  a  definile  naaibercf  partidci.  Thctt 
nfliecules  oftea  powcai  ^ery  nngiikr  forms.  In  the  aloane 
flmwtufe  of  matter,  we  observe  the  same  beauty  and  Taiieiy 
wUch  are  rrery  where  obvious  in  its  sensible  forms.  The  par- 
ticles of  bodies  are  neither  ail  cubes,  nor  spheres,  nor  sph^ 
raids,  but  as  various  in  their  forms  as  the  species  of  natural 
substances  themselves.  The  bmita,  however,  towards  which  the 
polarised  forces  constantly  <^rate,  as  has  been  stated  in  a  for- 
mer paj^  is  the  devekpment  of  some  form  symmetrical  onop- 
poMe  aides  of  the  equator,  very  highly  polygonal,  and  tending 
to  be  spherical,  its  foces  being  invariably  equilateral  triangles, 
or  kneilges,  of  00*  and  ISO^.  The  radiant  medium,  then,  may 
be  described  as  a  medium  existing  in  every  place  of  the  uni- 
verse,  froas  which  it  is  not  excluded  by  more  dense  bodies,  and 
cumpoaed  of  disunited  aiams  of  matter  symmetrically  related  to 
eadi  other,  and  acting  upon  eadi  other  according  to  the  com- 
moo  laws  of  physics.  These  atoms  of  matter  variously  group- 
ed, duefly  in  consequence  of  their  electrical  relationship,  and 
reCaiaed  in  cohesion  by  their  attractions,  constitute  the  par^ 
tides  of  sensible  bodies,  and  the  number  of  atoms  involved  in 
a  particle  denotes  its  atomic  weight  at  the  zen>  of  heat.  These 
particles,  associated  into  little  masses,  more  fit  for  entering 
into  chemical  or  crystalline  union  than  the  individual  particles 
thanselves,  constitute  the  molecules  of  these  bodies ;  and,  ac- 
cording to  the  number  of  particles  which  enters  into  them, 
they  may  be  called  binate,  temate,  quatemate,  quinate,  senate, 
denate,  or  duo-denate  molecules. 

I  shall  endeavour  to  sustain  these  views,  by  shewing  that 
the  particles  which  we  would  naturally  construct  out  of  atoms, 
according  to  the  laws  of  physics  contained  in  the  First  Book, 
as  moat  suitable  to  certain  regions  of  nature,  and  most  likely 
to  be  developed  there  out  of  radiant  atoms,  do,  in  reality,  fulfil 
the  chemical  relations  of  all  the  most  interesting  substances  met 
with  in  nature  in  such  places ;  and  that  while  new  changes  of 
properties  are  very  obviously  connected  with  changes  in  form 
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and  structure,  the  change  in  the  wag^t  of  their  oombiniDg 
{MPoportions  is  an  accurate  measure  of  the  accession  or  loss  of 
atoms  which  they  have  undergone.  The  atom  is,  of  course, 
fixed  upon  as  the  unit  of  atomic  weight ;  and  it  is  a  coincidence, 
as  happy  as  it  is  curious,  that  this  leads  to  nearly  the  same 
series  of  atomic  weights  as  that  fixed  upon  by  WoUastoD, 
which  makes  oxygen  10* 

HYDROOEN. 

Of  all  known  bodies  we  naturally  expect  to  find  that  hydro- 
gen gas  possesses  the  most  simple  structure.  It  is  nearly  fifteen 
times  lighter  than  common  air.  Like  the  radiant  medium  itself, 
it  is  invisible,  and  possesses  no  action  on  the  eyes,  nose,  tongue, 
or  lungs.  It  might,  perhaps,  even  replace  the  radiant  medium  in 
the  atmosphere,  without  our  discovering  for  some  time  (com- 
bustion excluded),  in  what  way  the  world  had  been  changed. 
Darkness,  oppression,  and  death,  would,  no  doubt,  folbw, 
because  light  is  essential  to  life ;  but  of  all  bodies  that 
oould  be  mingled  in  the  atmosphere,  hydrogen,  in  particles, 
(or  senate  molecules),  would  be  by  far  the  most  innocent. 
Every  circumstance  induces  the  belief,  that  it  is  more  imme- 
diately connected  with  the  radiant  medium  than  any  other 
body. 

Now,  of  all  the  combinations  of  the  atoms  of  matter,  none 
is  so  immediately  obvious  as  that  produced  by  two  atoms  ap- 
plied base  to  base.  This  is  a  particle  of  hydrogen  gas,  (Fig. 
8.) ;  its  atomic  weight  is  two ;  its  form,  a  triangular  bipyramid 
terminal  edge,  70°  SV  44" ;  equatorial  edge,  141°  8'  28"  ;  in- 
clination of  an  edge  to  an  axis,  35°  15'  5^'  ;  inclination  of  an 
edge  to  a  perpendicular  let  fall  from  an  extremity  on  the  op- 
posite edge,  54°  44'  8" ;  plane  angles,  60° ;  length  of  an  edge, 
l^ ;  length  of  an  axis,  1,62348  +  (=  2  cosine  35°  15'  52"). 

The  form  of  hydrogen  is  wholly  pyramidal.  It  is,  conse- 
quently, highly  electro-positive,  and,  accordingly,  where  it  is 
free  to  move,  it  must  seek  an  electro-n^;ative  medium  in  which 
it  may  exist ;  and,  therefore,  in  the  voltaic  focus,  it  must  be 
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developed  at  the  negative  pole.  It  has,  therefore,  also  a  poa. 
fiibility  of  entering  into  chemical  union  with  all  bodies  which 
ave  ekctro-n^adve  in  relation  to  it.  These  results  are  amply 
ooofimed  by  experiment. 

Of  all  bodies^  it  is  the  roost  6t  for  sustaining  a  high  degree 
of  specific  heaty  or  atomic  tremor,  for  its  two  poles  are  at  the 
extremities  of  a  solid  axis,  and  are  very  pungent  and  vibra- 
tory ;  and  being  directly  oppoidte,  can  react  upon  each  other 
in  the  roost  perfect  manner,  and  sustain  most  symmetrieal 
vibrations.  Many  attempts  have  been  made  to  ascertain  the 
specific  heat  of  hydrogen  gas,  and  they  all  agree  in  assigning 
to  it  a  beat  far  greater  than  that  of  any  other  body. 

Now,  this  comparatively  great  heat  which  it  possesses,  when 
at  die  same  temperature  as  other  bodies,  doubtless  diminishes 
the  energy  of  its  attractive  fluid  more  than  their  smaller  de- 
gree of  heat  diminishes  theirs.  In  consequence  of  this,  its 
attraction  towards  its  own  particles  and  the  earth,  must  be 
eonsiderably  less  than  theirs,  when  their  temperatures  are  the 
same ;  and,  therefore,  to  find  the  true  specific  gravity  of  hy- 
drogen, it  is  necessary  to  depress  its  temperature  beneath  that 
of  other  bodies,  until  the  action  of  its  specific  heat,  in  dimi- 
nishing its  attractive  or  gravitating  energy,  l)ecomes  equal  to 
that  of  the  bodies  with  which  it  is  compared.  At  the  same 
temperature,  then,  a  volume  of  hydrogen,  supposing  no  pon- 
derable body  but  itself  in  the  vessel  weighe<l,  is  lighter,  in 
proportion  to  its  quantity  of  matter,  than  common  air ;  and 
the  deviation  from  the  true  ratio,  is  still  greater  when  it  is 
compared  with  vital  air,  which,  when  the  gases  are  arranged 
according  to  their  specific  heats,  is  found  almost  at  the  oppc^ 
nte  extremity  of  the  table. 

But  the  attempt  to  ascertain  the  true  weight  of  the  matter 
of  any  gas,  by  weighing  a  volume  of  it,  seems,  in  the  present 
state  of  our  knowledge,  to  be  rather  a  hopeless  experiment ; 
and,  in  the  case  of  hydrogen,  more  than  in  any  other  instance, 
the  attempt  must  lead  to  error.  In  any  instance  whatever,  a 
true  indication  can  be  obtained  by  the  balance,  only  when  the 
density  of  the  included   radiant  medium  is  equal  to  that 
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miagied  with  the  atmosphere  without.  For  every  vcdume  of 
«;gltt  10,  ill  reality)  li  mixed  altmoqphere  of  the  gas  considefed, 
and  the  mdiant  mediam,  or  common  vapour  of  matter,  which 
ascends  into  every  region  till  it  constitutes  an  atmosphefe  of 
its  pMjpte  de&aty.  Now  this  d^ree  of  density  is  different,  ac- 
carding  as  tiie  gas  makes  a  nearer  approach  to  the  radiant 
ipedium  kself.  For,  in  this  ratio,  other  things  beii^  eqnal 
the  gas  repels  the  radiant  medium  more,  or  acts  in  exdudn^ 
it,  or  HI  preventing  it  from  rising.  The  only  index  whidi  we 
can  obtain  of  this  exclusive  action  upon  li^t  possessed  by 
different  gases,  is  their  refractive  power,  which  seems  to  indi- 
cate the  imperfection  of  the  radiant  tissue  included  along 
them,  arising  from  th^r  power  of  repelling  light.  In  virtue  of 
this,  Cbe  rays  are  less  under  the  constraint  of  the  original  di- 
rective force,  and  the  refraction  is,  consequently,  greater. 
The  actual  amount  of  refraction  produced  by  a  volume  of 
hydrogen  gas  is  very  small,  which  would  induce  the  belief, 
that  the  radiant  medium  was  tnore  dense  within  than  without, 
and  that,  in  as  far  as  the  radiant  medium  is  concerned,  hydro- 
gen ought  to  weigh  too  much.  But  this  may  arise  simply  from 
the  inBammable  particles  being  determined  into  the  very  lines 
demanded  by  the  incident  Ught,  to  preserve  a  continuity  of 
their  direction.  For,  of  all  Icnown  bodies,  except  the  metals, 
which,  as  we  shall  afterwards  find,  may  be  r^arded  as  covered 
over  by  a  surface  of  radiant  matter,  often  of  light  itself,  hy- 
drogen possesses  the  greatest  atomic  refractive  power.  It  is 
tlierefore  very  difficult  to  satisfy  oneVself  as  to  the  density  of 
the  radiant  medium  included  along  with  a  vdume  of  hydrcK 
{ren.  There  can  be  no  doubt,  however,  as  to  the  density  of  its 
own  particles,  (by  which  expression  is  always  meant,  in  this 
work,  the  number  of  particles  in  a  giv^i  volume,)  for  every 
phenomenon  points  to  the  fact,  that,  when  the  temperature 
and  pressure  are  the  same,  hydrogen  contains,  in  the  same 
volume,  the  same  number  of  particles  as  most  other  gases. 

But  though  the  true  weight  of  hydrogen  cannot  be  ascer- 
t«ned  by  the  direct  use  of  the  balance,  it  might  seem  that  it 
might  be  ascertained  without  the  interference  of  the  radiant 
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mwKnin»  by  diiei^agiiig  «  oertoiii  volime  Irom  «  nMi  ^ 
Icrcf  almoKni  wc9ght,aDdiioliogthewdght  lost,  conopoBd* 
ing  to  the  dtwd/aptaail  of  a  given  voluiiie  of  bydrageo  dmmi^ 
gigcd  fimm  it  By  making  use  of  lone  of  the  oompoiiods  of 
carbon  and  hydragBn,  perhaps  a  nearly  aocurate  rciuk  migbi 
be  obtained  in  thit  way  ;  and  if  to^  it  would  be  palpably  feen, 
(what  it  indeed  already  obvious  fram  variona  experimaiite  in 
oc|puiicanalyii%)  that  a  great  Iom  of  weight  it  nwtainedy  when 
toBd  bydragn,  in  a  slate  of  combination  in  which  the  tiemar 
of  its  poles  or  its  specific  heat  is  preventedj  is  dianged  into 
the  gaseous  state. 

The  very  ii^^ious  methods  resorted  to  by  Thomson,  and 
Bersdias  and  Dulong,  in  which  thete  philosophers  had  re» 
oooTK  to  the  analysis  and  synthesis  of  water,  neoesiarily  i». 
violve  an  enorof  the  same  amount,  according  to  both  methods* 
In  consequence  of  the  very  snuJl  heat  of  fixed  oxygen,  cons* 
pared  with  liquid  water,  the  same  number  of  atoms  in  the 
stato  of  osygen  must  weigh  more  than  in  the  state  of  water. 
Heoee,  irtien  a  quantity  of  water  is  weighed^  then  decom* 
posed  into  oxygen  and  hydrogen,— the  latter  being  permitted 
to  cscqie,  the  former  being  detained  and  weighed  along  witk 
the  renduary  water,"'— the  loss  of  weight,  indicated  by  the  Im^ 
lance,  is  too  small ;  for  the  matter  has  gained  weight  or  attractive 
energy,  in  assuming  the  form  of  oicygen.  In  like  manner,  when 
a  certain  weight  of  oxygen  is,  by  the  aid  of  hydrogen,  converted 
into  water,  and  the  weight  of  the  hydrogen  thus  occupied  is 
infierred  to  be  just  equal  to  the  difference  between  the  weight 
of  the  oxygen  abstracted,  and  that  of  the  water  develc^ped,  an 
error  to  the  same  amount  is  incurred.  It  will  presently  he 
shewn,  that,  though  oxygen  be  the  form  which  must  con- 
stantly, and  almost  exclusively,  result  from  the  destruction  of 
water  in  the  hands  of  the  chemist,  yet  there  is  no  oxygen  in 
water ;  and  that  it  partakes  almost  wholly  of  the  nature  of  hy- 
drogen, in  being  lighter  in  the  liquid,  and  still  more  in  the 
aSriibrm  state,  in  relation  to  its  quantity  of  matter,  than  other 
bodies.  It  is  rather  annoying,  that  the  only  instances  where 
this  source  of  error,  arising  from  great  differences  in 
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heit,  exiBto  to  any  oondderable  amount,  should  be  those  of 
oxygen  and  hydrogen,  on  which  the  atomic  weights  of  chemi- 
cal works  are,  in  a  great  measure,  reared.  The  difference, 
however,  is  not  very  great,  for,  according  to  the  absolute  ato. 
mic  wdghts  here  advanced,  the  specific  gravity  of  hydrogen 
gas,  deduced  from  its  atomic  weight,  compared  with  that  of 
ooramon  air,  ought  to  be  near  .098 ;  Biot  and  Arago  having 
found  it  .0782;  Thomson,  .0694;  fierzelius  and  Dulong, 
.0688.  The  more  exquisitely  the  experiment  is  performed, 
tbe  greater  the  error  that  is  incurred,  for  its  exclusive  action 
on  the  radiant  medium,  and  its  specific  heat,  will  increase 
with  its  purity.  According  to  the  views  here  advanced,  100 
culnc  inches  of  hydrogen,  were  they  in  the  same  circumstan- 
ces as  to  specific  heat  as  oxygen,  ought  to  weigh  about  three 
grains,  while  the  most  accurate  experiments  assign  from  S.S4 
to  8.118  grains. 

How  great  the  number  of  particles  of  hydrogen  may  be, 
even  in  a  cubic  inch,  we  can  form  no  idea.  It  does  not  ap- 
pear that  apertures  can  he  formed,  through  which  even  water 
cannot  pass.  Hydrogen  may  evidently  be  transmitted  through 
any  pore  which  can  transmit  radiant  matter,  for  the  equator 
of  Jiydrogen  is  merely  a  face  of  an  atom  of  radiant  matter. 
But,  for  its  transmission  through  such  small  apertures,  it  is 
necessary  that  the  body  containing  the  aperture  shall  be  a 
dissimilar  substance.  If  it  be  of  a  nature  nearly  similar  to  that 
of  hydrogen,  its  repulsive  fluid,  covering  the  pore,  will  be  re- 
cognized by  the  hydrogen,  which  will  be  kept  from  contact. 
Were  it  not  that  organic  membranes,  and  tissues  of  all  sorts, 
are,  in  a  great  measure,  composed  of  hydrogen,  perhaps  some 
substance  might  be  found  that  would  transmit  hydrogen  and 
detain  other  gases,  which  is  a  great  desideratum  in  chemistry. 
Hydrogen  passes  through  small  apertures  wiili  far  greater 
vek)city  than  otlier  gases,  and,  at  the  same  time,  more  silently, 
tbe  whistling  sound  produced  by  air  rushing  into  a  vacuum, 
or  from  a  state  of  compression,  being  greater  as  the  magnitude 
of  the  particles  transmitted  is  greater. 

The  simple  structure  of  hydrogen  leads  us  to  expect,  that, 
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in  tooie  farm  or  other,  it  should  be  a  roost  abundant  produe- 
tion  of  nature,  especially  in  regions  contiguous  to  the  radiaBi 
nieAum.  For  its  derelopnient,  indeed,  nothing  more  seena 
neccssaiy,  than  that  two  contiguous  atoms  of  radiant  matter, 
whose  sjmmetrical  relationship  is  suspended,  should  be  in 
cooseeutiTe  electrical  states,  and  in  an  electro-negative  me- 
dium,  or  one  disposed  to  restore  its  equilibrium  by  the  erolu* 
tioo  of  electro,  positive  bodies. 

Whether  the  bipyramidal  form  thus  devebped,  would  na* 
tuially  possess  only  a  momentary  existence,  or  might  be  more 
permanent,  would  probably  depend  upon  the  temperature,  the 
intemity  of  the  consecutive  excitements,  and  those  cireunu 
stances  generally,  which  favour  a  nearer  approach  of  the 
angles  of  the  atoms,  and  a  more  perfect  displacement  of  the 
repulave  fluid  lodged  on  the  two  faces,  whose  natural  aver- 
sion to  union,  and  recoil  when  the  same  electrical  state  is  in* 
duced  by  proximity,  or  both,  must  be  overcome.  But,  at  all 
events,  it  is  reasonable  to  bdieve,  that,  if  hydrogen  were  de* 
vdoped  in  such  a  region,  it  might  be  fixed  by  bring  made  to 
enter  into  union,  and  thus  its  existence  might  be  detected. 

Now,  a  physical  state  of  things,  possessing  the  very  cha- 
racters required,  exists  in  the  violet  confines  of  tlie  solar 
qpectrum.  It  has  been  shewn  in  a  foniier  i)agc,  that  this  re» 
gion  is  electro-negative,  and  the  successive  atoms  of  the 
radiant  matter  there,  whether  in  such  a  stale  of  excitement 
as  to  produce  vision  or  not,  are  in  consecutive  states,  while 
the  stratum  of  the  dense  substance,  which  is  to  receive  the 
hydrogen,  necessarily  destroys  the  symmetry  of  the  contigu- 
ous atoms,  and  permits  an  union.  In  these  circumstances, 
then,  it  seems  very  probable  that  hydrogen  should  he  de- 
veloped. Now,  so  eminently  do  these  phenomena  take  place  in 
this  region  of  the  prismatic  spectrum,  that  it  has  already  been 
named  hydrogenating.  The  subtile  Ixxly  has  l)een  made  to 
unite  with  various  substances  {possessing  an  affinity  for  it ; 
more  especially  with  the  chloride  of  silver,  which  immediately 
indicates  the  incidence  of  hydrogen,  by  changing  from  white 
to  black. 
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In  the  natural  sunbeam,  a  rimilar  apparatus  exists,  though 
df  iteaker  energy ;  and,  therefore,  we  cannot  deny  that  a 
great  quantity  of  hydrogen  may  be  every  day  generated  by 
the  sunbeams.  That  hydfogen  should  not  be  found  in  the 
atmosphere  in  a  gaseous  state,  even  though  generated,  is  only 
what  is  to  be  expected,  for,  as  will=  be  immediately  shewn,  the 
gaseous  is  not  the  natural  condition  of  hydrogen.  Ndtherdoes 
it  follow,  that  hydrogen  thus  generated  should  be  a  perma- 
nent body.  To  assert  that  it  is  so,  in  any  case  indeed,  it  is  ne- 
cessary to  suppose  that  the  repulsive  fluid  is  completely 
excluded  from  between  the  faces  which  are  pressed  together ; 
or  that  such  an  adhenon  takes  place  as  is  adequate  to  sus- 
tun  a  form  which  is  not  in  a  state  of  natural  equilibrium. 
Amongst  electro-negative  bodies,  hydrogen  thus  generated, 
may,  perhaps,  exist  for  an  indeflnite  time ;  but  if  insulated, 
and  exposed  to  the  re-action  of  its  electric  state,  which  is 
strongly  podtive,  it  is  difficult  to  see  what  could  prevent  it  frooi 
opening  up.  It  is  more  reasonable  to  suppose,  that,  though 
at  the  time  when  the  particle  was  generated,  the  repulave  ea- 
ergy  proper  to  two  foces  was  so  far  overcome  that  the  two  atoms 
of  matter  cohered  by  their  three  equatorial  angles,  and  were 
for  a  longer  or  shorter  dme  retained  parallel  to  each  other, 
with  a  force  which  the  repulsion,  in  the  direction  of  the  axis, 
could  not  overcome,  yet  that  such  a  particle  is  not  quies- 
cent, and,  in  the  fire  of  a  sunbeam,  is  either  aggregated  with 
others  into  molecules,  whose  electrical  state  is  quiescent,  or 
opened  up,  so  that  the  two  atoms  shall  remain  adhering  by 
the  two  angles,  or  one  edge,  as  by  a  hinge.  The  substance 
thus  generated  is  not  an  individual  body,  but  two  of  them, 
when  uniied,  constitute  a  hollow  particle,  whose  form  is  that  of 
radiant  matter  itself,  with  a  pyramid  on  each  face,  and  whose 
function  in  the  economy  of  the  universe,  as  will  be  afterwards 
illustrated,  is  second  in  importance  to  the  radiant  medium  only. 

Hydrogen,  then,  may  be  regarded  as  an  active  and  inter- 
mediate form,  resulting  from  light  more  immediately  than 
any  other  substance.  It  is  a  binate  molecule  of  radiant  mat- 
ter, with  three  angles  instead  of  two  cohering.     It  may  bo 
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fieraunent  for  a  great  length  of  time,  if  kept  ooM,  and  re- 
Hettd  by  aggr^tion  or  udioii,  from  its  strongly  eleotio-|Misi- 
tiTe  state.  But,  if  recently  generated,  and  left  without  ptes- 
sura  or  union,  it  probably  opens  up  in  the  course  of  time,  and 
ghnes  rise  to  another  substance,  to  be  treated  of  afterwards. 
Whether  the  hydrogen  procured  from  the  decomposition  of 
water,  could  be  in  any  measure  destroyed,  we  have  scarosly 
the  means  of  discovering  from  the  experiments  which  hare 
been  made.  Its  destruction  could  only  be  indicated  by  a  di- 
minution of  volume,  for  when  it  mingled  as  radiant  matter 
with  die  radiant  medium  existing  along  with  it,  the  cbeasist 
has  done  with  it 

The  term  Hydrogen  is  applied  in  chemistry  only  to  a  gas 
or  body  whidi,  when  disunited  from  the  other  bodies,  is  oo»- 
ceired  to  be  capable  of  existing  at  all  knoirn  temperatures 
ooly  in  the  aerifisrm  state.  It  is  evident,  however,  that  its 
pmrticles  may  group  so  as  to  constitute  a  molecule,  whose  dec* 
trical  slate  shall  be  in  the  condition  of  a  much  more  perfect 
equiEbrinm  than  that  of  a  single  particle.  When  once  dm^ 
vated  into  the  gaseous  state,  it  doeft  not  appear,  indeed,  that  it 
can  be  easily  made  to  abandon  it.  Its  extreme  specific  heat 
must  produce  a  repulsion  on  every  contact,  except,  perhaps, 
when  the  number  requisite  to  constitute  a  molecule  comes  on 
at  once  in  their  proper  positions.  In  these  circumstances 
the  disposition  to  symmetry  and  electrical  equilibrium  might 
be  expected  to  overcome  the  mechanical  rejection  from  union, 
arimg  from  a  vibratory  movement  on  all  the  angles,  and  the 
extensive  sphere  of  repulsive  fluid  surrounding  each  particle. 

When  six  particles  of  hydrogen  unite  by  their  equators, 
diere  results  a  senate  molecule  of  most  admirable  symmetry 
and  dectrical  constitution,  (Fig.  33).  Each  of  its  six  parts 
has  a  solid  axis,  and  is  electro-positive,  while  the  whole,  con* 
ridered  as  a  ringle  form,  has  no  axis  at  all,  and  is  very  highly 
electro-negadve.  This  senate  molecule  of  hydrogen  is  a  par* 
ticle  of  water.  That  water  consists  entirely  of  hydrogen, 
may  be  shewn  by  decomposing  it  in  a  very  highly  electn>- 
oegative  medium,  adverse  to  the  development  of  an  dectro- 
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negative  form.  In  other  circumstances,  where  it  is  not  re^ 
strained  by  such  an  arrangement,  as  soon  as  one  particle  of 
hydrogen  is  drawn  out  of  the  jcircle  of  six,  the  renuuning  five, 
by  the  ptoximity  to  the  electro-posidve  part,  t^id  to  ijusiime 
an  electro-positive  form.  Now,  this  they  may  do  by  a  simple 
movement ;  and  thus  the  senate  molecule  of  hydrogen,  so  sin- 
gularly fitted  for  aoooromodating  both  the  positive  and  nega- 
tive electricities  when  decomposed,  parts  them  between  two 
forms,  one  highly  electro-positive,  the  other  highly  electro-ne- 
gative. Ill  other  cases,  as  will  be  afterwards  shewn,  other 
forms  bendes  must  result  from  the  decomposition  of  an  atom 
of  water.  But  it  is  not  to  be  denied,  that,  by  decomposing 
water  at  a  negative  voltaic  pole,  the  positive  being  removed  to 
a  distance,  and  the  effects  of  induction  as  much  as  possible 
prevented,  this  liquid  is  wholly  resolved  into  hydrogen.  No 
other  substance  is  either  given  out  or  absorbed ;  and,  to  con- 
ceive that  particles  are  transferred  througli  the  connecting  body 
to  the  positive  pole,  as,  for  instance,  through  the  living  body 
of  man,  without  occasioning  inconvenience,  is  more  extravagant 
than  the  case  demands.  Whether  hydrc^n  is  ever  resolved 
into  water  during  chemical  experiments,  is  well  worthy  of  in- 
quiry. Water  is  always  found  in  hydrogen  gas,  even  after 
transmission  through  dry  chloride  of  calcium.  Its  develop^ 
roent  might  certainly  be  expected,  when  hydrogen  is  nascent 
in  great  quantities.  When  escaping  through  the  pores  of  a 
bladder,  perhaps  a  part  of  it  emerges  from  the  exterior  side, 
as  aqueous  vapour ;  and  if  as  much  hydrogen  as  possible 
were  condensed  in  charcoal,  perhaps  a  part  of  it  might  be  ex- 
tracted as  water,  especially  if  a  little  water  were  introduced 
into  the  charcoal  along  with  the  hydrogen,  to  determine  to  the 
evolution  of  more.  The  admirable  Boerhaave  concludes,  that 
water  is  a  permanent  body,  because  a  quantity,  hermetically 
sealed  up  in  a  bolthead  by  Clavius  the  mathematician,  remain, 
ed  without  contracting  in  volume,  or  otherwise  changing,  for 
eighty  years,  during  which  it  hung  in  Kircher^s  laboratory. 
It  were  much  to  be  wished  that  modern  chemists  would  imi- 
tate  the  older  ones,  in  performing  their  experiments  on  a  scale 
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sufioently  ample.  It  would  be  very  interesdiig  to  know 
what  would  become  of  a  vdume  of  hydrogen,  cooled  aad 
compreawd  as  much  as  pomble,  and  exposed  to  the  sunbsam» 
or  kept  in  the  dark,  for  as  many  days  as  the  water  was  years. 
It  is  not  to  be  forgotten,  however,  that  100  cubic  inches 
cooM  only  produce  one  globule  of  water  toToUi  of  an  inch 
in  bulk. 


Water 

Is  m  senate  mdecule  of  hydrogen ;  its  atomic  weight  is  12 ;  its 
form  is  that  of  a  frustular  bipyramidal  dodecaliedron,  concave 
on  both  poles,  and  without  a  solid  axis,  (Fig.  38).  The  equa^ 
tor  is  a  regular  hexagon,  and  though  the  matter  in  the  centre^ 
and  on  six  equidistant  radii,  have  no  ften&ible  thickness,  the 
equator  is  everywhere  impervious. 

Water,  when  entering  into  union  with  bodies  constituted 
of  larger  molecules,  which,  from  their  unconformable  6hapeS| 
casooi  dispose  of  it  in  the  proper  quM^ity  that  they  demand 
in  individual  particles,  often  aggregatdp  into  temate  molecules, 
whose  atomic  weight  is  consequently  36.     Next  to  this  there 
is  tbe  sepienate  molecule,  which  consists  of  a  particle  in  tlic 
centre,  with  six  around  it,  one  on  each  of  its  edges.     But 
that   which  performs  the  most  important  part  in  the  eco- 
nomy of  nature,  is   the   senate  molecule   (Fig.  34),    which 
results  from  the  approach  of  six,  and  contains  in  the  centre 
a  hexagonal  pore.     Such  a  molecule  must  {)06sess  great  per- 
manency, for  the  subtile  matter  is  very  {lerfectly  circulated  ; 
and  there  is  no  diameter,  along  which  a  repulsion,  tending  to 
break  up  the  molecule,  can  be  instituted.     When  fastened 
together  by  other  bodies,  a  double  mokcule,  in  which  one 
particle  is  above  another,  the  (K>les  not  l>eing  in  contact,  also 
frequently  occurs.  The  form  of  the  aqueous  particle  enables  us 
to  anticipate  those  numbers  which  must  prevail  in  its  corabina- 
tionr,  and  tbe  characters  of  the  forms  which  will  most  readily 
combine  with  it.     Those  bodies  only  which  have  a  positive 
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axis,  terminated  by  a  trihedral  angle,  can  find  access  to  it» 
poles ;  and  the  numbos  in  which  they  may  be  combined  are 
one,  when  their  particles  are  large  compared  with  a  particle 
of  water,  and  two  when  they  are  small.  Any  body  may  unite 
around  the  equator ;  and  those  having  parasitic  forma^  or  re« 
^irant  equatorial  angles,  such  as  Figs.  6  and  7,  conformable 
to  the  equatorial  edge  of  a  partide  of  hydrc^n,  will  be  re- 
tained with  the  greatest  force,  being  held  in  cohesion  by  four 
angles.  The  number  in  which  such  bodies  must  unite  is 
three.  The  number  ax  is  possibley  in  as  far  as  the  form  is 
concerned,  but  such  a  number  of  any  other  body  may  be  ex- 
pected to  overcharge  a  single  particle  of  water ;  and  we  may 
generally  expect  to  find  in  hydrous  molecules,  that  three  par- 
ticles of  the  peculiar  substance  are  arranged  around  the  equa- 
tior  of  a  particle  ot  water,  ode  on  each  alternate  segments 
Hie  most  symmetrical  mode  of  arrangement  is  when  one  par- 
ticle of  the  body  demands  one  of  water,  and  the  six  then  group, 
so  tliat  in  the  centre  is  a-  senate  molecule  of  water,  and  six 
paKicles  of  the  hydrated  substance  annind,. 

A  angle  partide  off#ater  is,  doubtless,  very  much  too  smaH 
for  being  seen,  so  thik  we  cannot  obtain  seilsible  evidence 
that  it  possesses  the  form  which  is  here  assigned  to  it.  But 
the  evidence  on  this  subject  which  is  afforded  in  nature,  is 
almost  as  convincing  as  the  actual  vision  of  a  single  partide. 
The  particles  of  water  do  not,  like  hydrogen,  inveterately 
affect  the  aeriform  state;  but,  on  a  sufBdent  reduction  of 
temperature,  aggregate  into  visible  masses^  and  these  masses, 
when,  by  being  predpitated  from  solution,  they  possess 
crystalline  individuality,  are  most  perfect  reproductions  of  all 
the  prominent  features  of  the  aqueous  particle.  Water  al- 
ways exists  diffused  through  the  atmosphere,  and  its  exist- 
ence there,  in  single  particles,  is  compatible  only  with  a 
certain  temperature,  pressure  and  dectrical  state.  When  that 
state  docs  not  exist,  and  the  temperature  is  too  high  to  admit 
of  the  institution  of  solidity,  it  aggiegates  in  little  masses^ 
which,  when  they  are  slowly  formed,  are  probably  little  hol- 
low balloons,  constituted  by  aqueous  particles,  thdr  axes  di- 
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radtd  io  tli«  ceoire.  This  is  the  onljr  ayiBaietncal  forai 
individualityt  which  can  result  fixMi  partioleft  of 
ratrained  from  oonUct,  and  it  may  be  regarded  aa  a 
of  Tesiciilar  vapour*  or  of  dew ;  but  when  the  heat 
of  the  perticke  is  hm^  to  as  to  admit  of  a  crjralalline  ammgew 
me»t»  very  iotemtiiig  phenomena  muat  ooeur.  The  first 
movementof  the  aqueous  partiolea  must  be  into  leraale  mole* 
oiilesi  ami  then  into  septenate,  whom  symmetry  is  as  great  as 
seed  be  sought  for;  they  are  isomorphous  with  the  senate^ 
F^.  84,  the  central  pore  being  occupied  with  a  particle  of 
wnM*.  These  we  may  regard  as  the  molecules  which  unite 
asd  develope  crystaUioe  forms ;  or  it  may  be,  that  a  septen« 
ado  aeolsewie  becomes  the  nucleus,  around  which  individual 
pertkleij  <w  lemate  molecules,  are  arranged.  It  matters  not 
m  whidi  way  it  is  generated  ;  there  must  constantly  result, 
wpQP  any  supposition,  a  form  consisting  of  a  central  part,fraBi 
wkiob  six  radii  emanate  at  angles  of  60^.  These  radii  may 
SBaia  have  seceodary  brancbea,  emanating  at  a  similar  ang^ 
or  evmi  the  primilivw  form  may  be  reproduced,  by  the  hexa* 
being  oompletdy  611ed  up.  The  various  forms  which 
be  pradueed  seems  almost  infinite,  but  those  which  can 
omst  easily  be  constructed,  are  the  very  forms  of  snow  flakes, 
and  BO  others.  In  the  plates  to  the  recent  voyages  to  the 
Algetic  Regions,  most  perfect  illustration  of  these  views  will 
be  iMnd«  The  subject  was  long  ago  examined  by  Descartes,^ 
who  DoCiced  many  having  twelve  radii,  or  six  principal  ones, 
with  their  intervals  bisected  by  inferior  ones,  as  may  be  easily 
oonceivted.  He  also  ob8er>'ed  two  flakes  of  snow  united  by 
a  prism,  as  by  an  axle,  as  has  been  since  remarked  Six- 
sided  epiculae,  or  prisms,  which  are  described  by  Hooke  as 
hdiow,  also  arise  very  naturally,  when  a  hexagonal  base  is 
aSieded*  Hence,  they  are  frequently  met  with  in  glacial  hoar 
finoat  attached  to  icy  surfiu)es,  as  they  are  sometimes  in  the 
mr  aftarhed  to  flakes  ok'  snow.  Fig.  35  represents  forms  of 
^-flakes  copied  from  the  Rev.  Mr  Scoresby's  first  work  on 

*  Primrip.  Meteor,  p.  1S4. 
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the  Arctic  Regions.  But  any  others  of  those  given  in  his 
four  plates  are  equally  illustrative,  and  this  is  true  also  of 
those  figured  in  other  works.  Sudi  are  the  most  beautiful 
forms  which  arise  out  of  aqueous  particles,  when  they  are 
permitted .  to  arrange  themselves  in  contact  according  to  the 
laws  of  thdr  sjnnmetry.  When  the  temperature  is  raised 
they  dissolve,  and  the  mass  becomes  water.  In  this  state  the 
symmetry  is  not  less,  for  there  can  be  no  doubt  that  they 
are  arranged  in  laminae,  their  equators  in  the  same  plane, 
the  contiguous  particles,  and  the  intervals  between  the  la- 
minae, being  more  or  less  distant,  according  as  the  degree  of 
heat  is  greater  or  less.  The  heat  of  the  equatorial  regkm 
being  much  less  than  that  of  the  polar,  the  equatorial  attrac- 
tion is  stronger,  and  the  calorific  repercusoon  in  the  plane  of 
the  equator,  is  less  than  that  in  the  direction  of  the  axis. 
Hence  the  intervals  between  the  contiguous  particles  in  a  la- 
mina are  not  BO  great  as  the  intervals  between  the  laminae; 
and  it  would  be  very  interesting  could  we  ascertain,  in  terms 
of  the  diameter  of  the  particles,  how  great  these  intervals  are, 
corresponding  to  given  temperatures. 

Although  the  aqueous  particles  be  so  light,  their  specific 
heat  so  great,  and  they  seem  every  way  well  adapted  for  the 
aeritbrm  state,  yet,  so  quiescent  and  perfect  is  the  symmetry 
of  their  constitution,  when  aggregated  as  water,  that,  under 
the  atmospherical  pressure,  they  cannot  be  dissipated  rapidly 
as  steam,  till  they  be  heated  to  100  cent.,  or  Sl^  Fahr.,  at 
which,  in  ordinary  circumstances,  water  boils.  But  when  the 
quantity  is  small,  and  irregularly  difi^used  over  the  surface  on 
which  it  lies,  so  that  its  symmetry  is  imperfect,  water  evapor- 
ates much  more  rapidly.  Its  ebullition  is  also  greatly  facili- 
tated by  the  introduction  into  the  vessel  (especially  if  it  have 
a  smooth  surface),  of  some  irregular  body,  which  may  break 
in  upon  the  symmetry  of  the  aqueous  structure. 

There  is  no  other  position  in  which  the  aqueous  particles 
possess  so  great  symmetry  as  that  which  constitutes  snow 
and  water.  In  this  body  the  truly  crystalline  state,  or  that 
in  which  the  particles  are  united  by  terminal  edges,  a  pole 
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«f  one  being  applied  to  an  equator  of  oUien,  can  only  de- 
"vdope  an  imperfect  form.  The  ctrcumBtanccMi  in  which  water 
shall  poiacM  a  nuaimum  density,  must  be  when,  by  a  dimi- 
nntioD  of  heat,  the  intervals  in  and  between  the  laminae  have 
disappeared.  But  such  an  arrangement  as  this  would  imply  a 
dcg;ree  of  cold  probably  below  that  at  which  alcohol  would 
6ee9e»  while  at  0°  cent,  or  89°  Fahr.,  water  becomes  solid. 
If  a  mhime  of  water  could  be  kept,  during  congdation,  in 
a  slate  of  perfect  quiescence,  and  the  cold  applied  in  lines  pa- 
rallel to  the  laminae,  perhaps  the  successive  lamin«  could  be 
liaideoed  aad  oondensed  upon  each  other,  and  some  approach 
cfieeted  towards  the  substance  alluded  to.  But  in  nature,  and 
all  practical  experiments,  other  phenomena  take  place.  When 
water  is  cooled  down  to  about  8"  cent,  or  89°  Fahr.^  its  particles 
acquire  a  disposition  for  the  crystalline  or  terminal  arrmnge- 
inent,  which  the  force  of  symmetry  cannot  prevent ;  for  sym- 
netrical  individuals,  like  flakes  of  snow,  cannot  be  developed 
ia  a  mass  of  water.  This  tendency  affects  the  symmetry  of 
the  liquid,  renders  it  unfit  for  being  circulated  through  the 
v^etable  structure,  and  produces  a  notable  expansion  in  vo- 
iamey  which  increases  till  the  whole  mass  becomes  solid.  The 
degree  of  hardness  which  the  mass  ultimately  acquires  is  very 
great,  and  there  results  a  glacial  body,  seemingly  destitute  of 
cleavage  planes.  But  if  the  cold  has  been  applied  at  the  sur- 
face, it  seems  to  follow  that  the  mass  must  consist  of  rhonu 
boids,  more  or  less  fully  developed,  and  interlaced  with  each 
other,  having  their  axes  perpendicular  to  the  surface.  Any 
particle  in  the  superficial  lamina,  on  which  a  ray  of  the 
greatest  cold  (or  the  coldest  ray  of  heat,  which  is  the  same 
thing),  is  incident,  or  which  is  any  how  cooled  more  than  the 
others,  will  become  the  apex  of  a  rhomboidal  axis.  For  three 
sutaacent  particles  will  be  fixed  on  the  equidistant  terminal 
edges  of  the  first,  and  to  these  others  will  be  added  in  the  same 
line,  thus  determining,  more  or  less  perfectly,  the  three  terminal 
edges  of  a  rhomboid.  No  cleavage  of  a  hard  mass  of  ice  has 
been  obtained ;  but  it  is  the  general  opinion  of  philosophers, 
ihat  the  rhomboid  is  the  primitive  form  of  ice.     Dr  Clark 
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hfti)  indeed,  fcntnd  ioc  in  rhornbf)ids ;  atid  the  optical  obscr- 
vatfons  of  Dr  Bm^er  prove,  that  the  axis  of  the  ctystid 
(whioh  must  either  beloAg  to  the  rbomboidal  or  pyminidiil 
s]r«Mn),  IB  perpendicular  to  the  surfltds  of  stagnant  water. 
When  k  lamina  of  wjner,  a^  thin  $b  -possible,  i^  eKi^nded 
on  a  plate  nK  cold  glass^  and  examined  under  the  microseope* 
fldUM  v«ry  iDtereeting  pbi»nomena  are  observed.  The  ibrms 
mhidtk  Mmlt  are  ^filiated  fronds,  so  very  similar  to  those  of 
SMie  «%»,  such  m  the  acute-angled  varieties  of  the  Ptiiota 
pluitlMa,  that  a  figime  of  one  would  serve  also  for  the  other. 
lYie  angles  are  all  exactly  M°,  or  its  supplement ;  and  it  is 
curious  to  remarlc,  that,  as  the  summit,  either  of  the  prin- 
cipal or  a  subordinate  branch,  stivtcbes  akmg  during  the  pro- 
gr^sfton  of  the  cotige«ded  part^  the  angle  formed  by  the  sum- 
Hiit  of  the  axis  of  die  branch,  and  the  summits  of  the  lateral 
axes,  simultaneously  developed,  is  always  60^.  When  water 
evaporates  from  a  surface  very  equally  heated,  the  portions 
which  remain  the  lat^t  seetin  to  possess  similar  pinnated 
fbktna. 

Water  is  very  passive  in  its  action  upon  light,  transmitting 
it  anpolarized,  ib  very  considerable  depths,  and  the  difR;r- 
ent  colours  deeper,  according  to  their  force  of  petfietration. 
Hence,  the  light  transmitted  by  water,  when  it  has  ceased  to 
be  limpid,  becomes  yellow,  and  ultimately  red,  as  has  been  ob« 
seri^  during  descents  in  diving  bells^  When  a  ray  of  perfect 
light  is  incident  vertically,  it  is  not  seneSbly  refracted,  but  when 
obliquely  incident  it  is  partly  reflected,  partly  retVacted,  and, 
at  a  certain  angle,  water  is  known  to  single,  or  polarize  the 
reiected  pencil  of  light  completely.  The  polarieing  angle  will 
depend  upon  the  angle  which  the  axis  of  polarization  forms 
with  the  axis  of  the  form  which  may  justly  l)e  regarded 
as  a  perpendicular  to  a  lamina  of  water,  or  the  suiface  of  a 
Ml^ant  portion  of  the  same.  To  find  the  axis  of  polariza- 
tlolia,  let  us  produce  the  edges  frontifig  the  axis,  and  draw 
y^rpendkulars  from  the  external  fiMfts.  Thus,  we  shall  ob- 
filto  lix  pidrs  of  lines  on  either  side  of  the  equator,  of  which 
iMfr  W^  alwajrs  in  the  same  plane,  and  which  form  equal  an- 
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:gle8  of  incidence  reqpectiveljr  with  the  axts,  or  perpendicular 
to  the  wrfaoeiaiiuna,  or  equator.  These  angles  are  70°  81' 44r 
aadSFlff  BST^  the  lesulUnt  of  which  \a5VB»  ^\  Now 
Mains  sajs»  ^  Si  on  fait  tomber  in  faiaoeau  de  lumiere  tur  la 
snrfaoe  d'nne  eau  stagnante,  et  sous  Tangle  de  52^  ^ff^  vtwD 
la  Tcrtical,  la  lumiere  rdflechie  a  tous  les  caracteres  d'un  dea 
faisDeaux  produits  par  la  double  refraction  d'tui  crystal.^* 
Between  these  angles  there  is  only  a  difference  of  9  4Sr^ 
which  is  quite  inconsiderable,  compared  with  those  to  which 
obaenration  must  be  constantly  subject ;  and,  probably,  at  dif- 
ferent temperatures,  results  somewhat  difft!rent  would  be  ob- 
tained. 

Let  A  X  (Fig.  S6,)  be  the  axis  of  a  particle  of  water,  P  p 
V  p^  will  represent  its  axes  of  polarixation  indined  to  the  for. 
mer  at  an  an^c  ol  B9^  6S^  48^'.  Light  incident  in  this  direo* 
tion  is  singled  by  reflection,  with  its  edges  parallel  to  the 
equatcMTial  edges  of  the  particle  of  water  which  He  in  the 
plane  of  incidence.  A  particle  of  water,  then,  could  we  see  the 
ethereal  rays  which  it  singles,  becomes  the  origin  of  the  edges 
of  a  sixFaidfH  pyramid  of  singled  light,  the  edges  of  the  ethe^ 
real  molecule  being  perpendicular  to  the  edges  of  the  pyramid. 

The  specific  heat  of  water  is  eridently  very  great,  but  it 
must  be  less  than  that  of  the  hydrogen  which  cuDstitutes  it,  for 
the  whole  equatorial  region  is  now  bouod  together,  nearly  in 
a  state  of  cddness  or  rest.  In  the  liquid  state,  its  specific 
heat  cannot  be  so  great  as  in  the  aeriform ;  and  it  appears 
from  experiment,  what  might  be  generally  inferred  from 
theory,  that  it  is  still  less  in  the  solid  state.  Many  experi- 
ments have  fully  proved  the  great  specific  heat  of  steam.  When 
only  a  small  quantity  is  condensed  in  water,  the  liquid  ia 
^fTT^  in  a  very  remarkable  manner ;  yet,  so  efiident  is  coal 
aa  fiiely  that,  for  every  pound  of  coal  consumed  in  a  furnace, 
about  four  pounds  of  water  may  be  converted  into  steam.  The 
diffionky  of  generating  steam  arises,  however,  not  altogether 
finxn  the  additional  calorific  excitement  which  a  'particle  in 

*  Msluf,  Theorie,  p.  9t2. 
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dte  liquid  state  must  possefls  before  it  assume  the  aSriform ; 
but  because  there  is  such  an  immense  multitude  of  particles^ 
even  in  a  small  volume,  among  which  the  beat  must  be 
equally  distributed,  and  because  the  vibrating  or  hot  state,  is 
increased  with  difficulty,  when  it  is  already  great.  Bodies 
recdve  accessions  of  heat  with  increased  difficulty,  the  hotter 
they  are  previously  to  exposure ;  or,  in  the  technical  language 
of  chemistry,  the  capacity  for  caloric  increases  with  the  tem- 
perature.' The  difficulty  of  increasing  the  atomic  tremor  of  a 
body,  must  evidently  increase  the  nearer  it  is  already  to  the 
linrit  of  the  vibratory  action  of  whidi  it  is  capable,  so  that, 
for  equal  increments  of  the  moving  force,  there  are  not  equal 
increments  of  moticm  generated.  In  the  same  way  as  water 
is  heated  slowly,  it  is  cooled  slowly ;  and  the  quantity  of  heat 
which  it  gives  out  b  very  great.  Hence  it  is  advantageous- 
ly used  for  warming  and  sustaining  an  uniform  temperature 
in  hot-houses. 

The  fact  that  the  specific  heat  of  steam  is  greater  than  that  of 
water,  ought  to  make  water,  in  the  state  of  steam,  lighter  than 
the  same  quantity  in  a  state  of  water ;  but  we  have  no  means 
of  being  assured  that  the  density  of  the  radiant  medium  includ- 
ed along  with  a  volume  of  steam,  is  the  same  as  that  of  the  air; 
and  this  makes  it  impossible  to  ascertain  the  absolute  weight 
of  a  certain  quantity  of  water  in  the  a§riform  state.  What- 
ever be  the  cause,  it  appears,  however,  that  a  cubic  inch  of 
water  in  this  state  is  considerably  lighter.  Again,  as  the  spe- 
cific heat  of  water  is  greater  than  that  of  ice,  though  the  dif- 
ference be  not  very  considerable,  there  ought  to  be  a  certain 
increase  of  weight,  when  water  freezes ;  and  such  has  generally 
been  found  by  experiment,  even  when  philosophers  were 
seeking  for  an  opposite  result.  It  is  to  be  remarked,  that,  at 
all  temperatures,  the  centre  of  a  particle  of  water  is  absolutely 
cold;  for  this  is  the  point  from  which  the  motion  is  propagated 
which  constitutes  the  heat  of  the  body.  It  is  true,  that,  in 
many  other  particles,  the  centre,  for  a  similar  reason,  is  at  the 
zero  of  heat ;  but  water  is  one  of  a  few  bodies  in  which  this 
cold  point  is  exposed  to  the  access  of  other  bodies.    From  this 
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it  results^  that  a  body  inserted  into  the  pole  of 
a  partade  of  water,  cannot  be  eaaly  expelled,  and  the  hydro- 
molecule  decomposed ;  for  though  the  positive  pole  of  the  body 
inserted  may  be  heated,  yet  that  of  the  water  continues  cold, 
and  a  rererbatory  percussion  cannot  be  instituted  between 
them.  Such  is  the  arrangement  which  obtains  in  oil  of 
vitriol,  molecular  phosphoric,  boracic,  and  arsenic  adds. 

Water,  when  viewed  in  small  volumes,  appears  to  be  per- 
fisctly  limpid  and  colourless.  It  will  afterwards  appear,  how- 
ever, that  there  is  very  good  reason  to  ascribe  the  asure 
€cdour  of  the  sky  to  the  aqueous  vapour  existing  in  the  atmo- 
ifibefe,  and  water  otherwise  shews  its  connection  with  the  ne^ 
gative  tints.  Many  salts  are  green  only  when  they  contain 
a  large  quantity  of  water ;  and  vegetables  generally  lose  their 
green  ccdour,  when  the  water  of  their  composition  evaporates 
from  them.  That  this  green  odour  is  ultimately  connected 
with  the  mechanical  presence  of  water,  may  be  inferred  from 
the  fact,  that  cellular  vegetables,  such  as  mosses,  when  their 
texture  has  not  been  destroyed  by  compression,  however  brown 
and  discoloured  they  may  have  been  for  ages  in  a  herbarium, 
immediately  on  being  immersed  in  water  acquire  a  tiot  of  vivid 
green,  as  if  they  had  been  newly  gathered  from  a  wet  nick. 

The  view  of  the  structure  of  water  whicli  has  now  been  given, 
leads  us  to  regard  it  as  the  most  eletncntarv  of  all  bodies,  ex- 
cept the  radiant  medium,  and  this  has  been  the  general  opi- 
nioti  of  philosophers  in  almost  every  age.  Such  an  opinion 
is  also  much  more  grateful  to  a  vulgar  understanding,  than  that 
water  is  a  compound  substance,  ainsisting  of  two  |x^nnanent 
gases,  united  by  clieuiical  affinity.  Water  is,  of  all  bodies  on 
the  surface  of  the  earth,  by  far  the  most  abundant.  Alx>ut 
three  fourths  of  the  globe  are  covered  by  the  ocean  to  an  un- 
known depth  ;  and  about  three-fourths  of  the  bodies  of  ani«> 
mala  are  comix>sed  of  water.  The  Arctic:  Regions,  a  great 
part  of  the  temperate  zones  during  the  winter  season,  and  the 
acclivities  and  summits  of  mountains,  of  a  certain  elevation 
above  the  sea,  in  every  latitude,  are  continually  covered  by 
snow.     The  dry  land  is  also  traversed  in  every  direction  by 
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jrivers ;  and  the  basins  of  mountains,  and  plains,  contain  in- 
numerable lakes,  many  of  vast  extent.  Water  also  consti- 
tutes a  large  portion  of  the  substance  of  organic  bodies,  both 
fdants  and  animals.  It  is  met  with  in  the  air  at  all  times, 
in  variable  quantity,  and  it  enters  into  the  composition  of 
some  of  the  purest  and  hardest  gems.  Chemical  analysis  abun- 
dantly  shews,  that  water  may  be  present  even  in  a  very  consi- 
deraUe  quantity,  without  inducing  liquidity  even  in  a  warm 
temperature.  Neither  single  particles,  nor  tcmate,  nor  senate 
molecules,  when  once  constituted,  are  liquid,  more  than  other 
hard  bodies.  The  liquid  state  demands  a  number  whose 
equators  are  in  a  laminar  arrangement,  but  not  touching  each 
other ;  and  if  a  molecule  be  confined  alon^  with  other  parti- 
cles, which  have  brought  its  poles  to  rest,  it  is  very  reasonable 
to  believe,  that  it  will  not  be  resolved  into  single  particles,  or 
assume  the  liquid  form,  till  a  state  of  heat  has  been  induced 
upon  the  poles,  amounting  to  that  proper  to  water.  A  solid 
mass,  having  the  appearance  of  a  nlicious  stone,  may  be  con- 
stituted of  water  solely,  with  little  more  than  one-seventh  part 
of  silica,  or  the  earth  of  flints,  united  to  it. 

Water,  as  might  be  expected,  from  the  singular  condition 
of  its  electrical  state,  is  an  almost  universal  solvent  No 
mibstance  seems  capable  of  resisting  the  action  of  water  for 
on  indefinite  time,  and  many  bodies,  when  mingled  with  it,  ra- 
pidly disappear.  They  are  said  to  be  dissolved  by  it,  and 
they  are  constituted  in  this  medium  much  in  the  same  way 
as  the  particles  of  one  gas,  are  in  a  volume  of  another. 
There  is,  indeed,  a  chemical  union  with  a  certain  number  of 
aqueous  particles,  while  there  is  usually  none  in  the  gases; 
but  their  states  agree  in  the  equable  dtfiusion  of  the  particles 
through  the  whole  medium ;  and  when  the  particles  of  a  solu- 
Ue  body  have  been  fully  hydrated,  the  condition  of  these 
hydrated  particles  in  the  water  is  quite  analogous  to  that  of 
the  particles  of  mixed  gases.  A  volume  of  water,  then,  hold- 
ing some  body  dissolved,  consists  of  two  parts,  pure  water, 
and  the  hydrated  particles  of  the  body  ;  and  by  distillation,  or, 
in  some  cases,  by  filtration,  the  piu^  water  may  be  withdrawn. 
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and  tht  b ydnUed  fNirticlci  tufietvd  to  unite  into  tbcir  crjmtL 
Ymtttoinm. 

Tlw  gMit  diefllicil  icdrily  of  water  renders  H  always  im- 
puw.  It  Is  aavtr  obUined  eren  from  snow  or  ice,  but  dia- 
nkal  tMa  are  able  to  detect  foreign  substances.  When  pio* 
eared fnMBtliCtrieal  r^n,  nitric  matter  malces  itsappearanoe ; 
aod  cv«a  mkta  reeeired  firom  a  gentle  shower,  and  at  a  great 
bciglktin  A%  annospbere,  after  exposure  for  a  short  time  to 
the  stmlwaawi  a  green  substance  is  developed  in  it,  and  after* 
wards  ^try  mkMHe  rapidly  moving  molecules,  which  have 
been  generalfy  regarded  as  animals.  The  purest  snow  on  the 
tops  of  mountains  frequently  contains  that  curious  organie 
hodjy  BiaMd  Protoooocus  nivalis,  which  exdted  much  of  the 
curkisity  of  tfae  aUiymists.  That  it  should  excite  curionty  in 
minds  inquaitivv  into  the  arcana  of  nature  as  thdrs  were,  is 
mit  to  be  wondened  at,  when  we  find  that  it  liolds  a  place  ao 
exaody  m  the  confines  of  the  animal  and  vegetaMe  king* 
don,  that  the  learned  ProfesKN*  Agardh«  after  describing  il 
as  A  v^p!table  of  the  order  Nostochinse,  says,  **  Globuli  fei 
animalia  iaterdum  reviviscuot  *'^ 

When  water  has  been  repeatedly  and  carefully  distilled, 
chemical  tests  are  no  longer  able  to  detect  the  preaenoe  of 
foreign  particles.  We  may  therefore  conclude,  that  in  freu 
qoently  distilled  water,  foreign  particles  do  not  exist  in  very 
vast  numbers ;  yet,  when  we  consider  how  many  myriads  must 
be  required  to  give  rise  to  sensible  phenomena,  wc  will  hesi- 
tate to  aiRrm  that  any  considerable  volume  of  water  was  ever 
obtained  in  a  state  of  absolute  purity.  After  it  has  been  kept 
some  time,  substances  nuike  their  appearance  of  a  nature  little 
looked  for.  Of  these,  ammonia  is  one,  which  we  shall  after- 
wards find  to  be  more  nearly  allied  in  its  external  form  to 
water,  than  any  other  substance. 

The  uses  of  water  in  the  economy  of  nature  are  inoumer- 
able.  Not  to  mention  that  it  is  the  province  of  the  waters 
now,  as  at  the  creation,  to  ^'  bring  forth  abundantly^  bodies 

*  BjiieBia  Algtrum,  p.  12. 
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whose  Bubstance  is  derired  from  water, .  which  has  been  re- 
solved into  particles  of  other  properties,  the  absolute  utility  of 
water  as  such,  to  creation,  is  incalculable.  It  has  neither 
taste  nor  odour ;  and  it  quenches  thirst ;  therefore,  it  is  always 
grateful.  It  may  be  applied  to  the  most  painful  ulcer  widi- 
out  occasioning  irritation,  when  nothing  else  can  be  suffered 
to  touch  it.  It  is  beneficial  to  the  eyes.  Its  action  upon  the 
human  body  is  so  refreshing,  that  a  bath  is  esteemed  a  great 
luxury,  and  even  birds  do  not  refuse  to  wet  their  plumage, 
that  water  may  find  access  to  their  skin.  When  deprived  of 
tte'  use  of  water,  plants  and  animals  perish ;  the  soil  loses 
its  cohesion,  and  the  air  becomes  filled  with  dust. 

Of  all  the  functions  of  water,  however,  none  are  more 
beautiful  than  those  by  which  it  at  once  economizes  the  sun- 
beams, and  prevents  injury  to  creation,  from  an  excess  of 
solar  heat.  It  has  been  already  stated,  that  mure  than  three- 
fourths  of  the  globe  are  covered  with  water  to  an  unknown 
depth,  and  if  all  this  mass  absorbed  the  sunbeams  like  a  black 
opaque  body,  both  the  light  and  heat  of  the  dry  land  would 
be  diminished.  But  the  sunbeams  incident  upon  the  ocean, 
raise  it  into  vapour,  rather  than  warm  its  depths.  While  a 
sunbeam  piercing  an  arctic  sky  is  able  to  raise  the  surface  of 
the  ground  to  more  than  12(y,  the  surface  of  the  ocean  under 
the  equator  is  less  than  90°.  Water  can  scarcely  be  warmed 
by  a  source  of  heat  applied  on  its  surface.  Any  superficial 
lamina,  when  heated,  is  thereby  lifted  up  from  the  subjacent 
ones,  and  insulated.  It  thus  forms  an  intercepting  screen, 
through  which  the  sunbeam  cannot  penetrate,  for  there  is  no 
radiant  medium  to  constitute  a  ray  beneath  the  surface.  The 
superficial  lamina  is  so  far  removed  from  the  subjacent  one, 
that  it  rises  in  steam,  before  those  almost  immediately  beneath 
it  are  sensibly  warmed.  Almost  all  the  sunbeams,  therefore, 
spent  upon  the  ocean,  are  occupied  in  raising  vapour  into  the 
atmosphere.  The  remainder  are  reflected  as  light,  and,  conse- 
quently, are  ready  to  conceive  heat  in  any  body  upon  which 
diey  are  incident,  and  to  increase  the  luminousness  of  the  rays 
incident  upon  the  dry  land,  and  consequently  their  calorific 
energy. 
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The  vipour  which  u  thus  raited  froco  the  oomo,  perfixiiM 
the  most  admirable  offices  in  the  economy  of  nature.  Hav« 
iog  reoeollj  uodergoDe  a  cleansing  process,  the  oceanic  vapour 
is  pure  and  frerii.  This  is  wafted  by  the  winds  into  thoat 
regions  whither  they  tend,  and  spontaneously  presses  into 
dry  places,  so  as  to  equahse  its  quantity  and  pressure  every 
where.  It  falls  upon  the  plains  as  rain,  where  it  is  immediately 
rBi)uired  for  the  purposes  of  vegetation,  but  on  the  suaunifts  of 
the  mountains  it  is  extended  as  a  solid  mantle  of  snow,  there 
to  rqiose  till  the  season  of  intense  sunbeams.  Such  sum 
beams  warm  the  plains,  and  advance  the  vegetation,  but  th^ 
would  necessarily  parch  the  soil,  did  they  not  also  melt  tba 
snows  of  the  mountains.  There  the  water  cannot  stagnate,  and 
thus,  when  the  fountains  of  the  plains  arc  dried,  those  c^  tha 
glaciera  are  opened,  and  torrents  pour  down  every  raviot* 
These  are  gradually  consolidated  into  rivers,  which  seek  dislpnl 
|dainsy  to  refresh  them  with  dews  and  sliowers  resulting  firpm 
their  evaporation.  When  the  period  of  vegetation  and  solar 
desiccation  is  over,  the  fountains  of  the  glaciers  are  ugntk 
closed  ;  then  the  beautiful  foliage  of  a  future  season  is  wrapt 
up  in  its  winter  quarters,  herbs  and  flowers  are  hid  under  a 
covering  of  earth,  and  the  atmosphere  displays  to  the  philoso-> 
phcr  and  poet  the  grand  phenomena  of  storm  and  meteor. 
Again  the  earth  is,  in  arctic  regions,  where  heat  is  most  pre- 
cious, covered  by  a  mantle  of  snow;  and,  tluHJgh  it  seems  para* 
doxical,  the  fact  cannot  be  doubted,  that  the  effect  of  this  cover 
of  snow  is  to  conserve  the  heat  of  the  soil  far  more  effectually 
than  if  it  were  exposed  to  the  light.  For  not  only  is  snow 
a  very  bad  conductor  of  heat  or  cold,  but  its  specific  heat  is 
so  great,  that  the  under  surface  of  a  stratum  of  snow  reposing 
on  the  soil,  is  often  (f  cent,  or  S2'  Fahr.,  while  the  air  at  the 
surface  is  many  degrees  below  it.  At  this  temperature,  then, 
which  is  only  a  few  degrees  below  the  commencement  of  ve- 
getation, the  covering  of  snow  preserves  the  arctic  soils. 

But  of  the  many  beautiful  phenomena  to  which  water  gives 
rise  in  the  economy  of  inorganic  natun*,  none  is  more  striking 
than  the  effect  of  the  expansion  which  takes  place  in  its  vo- 
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lame  before  it  freezes ;  and  whiit  rendera  this  more  strikiog,  is 
the  fact,  that  this  expaofiion  ia  an  exception  to  a  law  otborwbe 
legaitled  aa  almost  univerial»  thai  li(|uida  sliaU  eantraot  coo- 
tinuouily  down  to  the  point  of  coogelalion.  Had  water  obey*, 
od  thia  law,  in  aa  fiar  as  the  sunbeam  is  ooncernedy  there  can 
be  litde  doubt  that  lakes,  rivers,  and  the  ocean  itself,  in  frosty 
tlimatcs  would  have  remained  perpetually  in  a  state  of  iee, 
Irilh  only  a  thin  stratum  of  water  o w  them  during  the  auoi^ 
mer  mondis.  For^  if  water  oontracted  as  it  cooled,  and  be- 
eaibe  heavier  continually,  the  oungealed  portions  would  always 
bfr  found  at  the  bottom.  There  congelation  would  coounence, 
md  be  propagated  upwards  towards  the  surface^  and,  as  has 
been  shown,  even  a  thin  covering  of  water  would  act  aa  an 
impenetrable  soreen  to  prevent  the  influence  of  the  sunbeam 
from  penetrating.  Nor  would  the  water  be  able  to  conduct 
Iwat  downwarda,  soas  to  melt  the  ico.  Upon  the  whole,  in  as 
fur  as  external  heat  is  concerned,  it  appears  that  many  cli- 
mates now  thickly  peopled  would  have  been  desdate  with  cold. 
But,  in  conseqoence  of  that  remarkable  expanskm  which  water 
undergoes,  b^ween  SS^and  SiP  Fahr.,  those  portions  whidi  are 
in  this  state  are  lighter  than  those  whose  temperature  is  40* ; 
they  ai>e,  therof(»«,  borne  up  through  them,  and  are  wanned 
or  congealed  at  the  surface.  There  they  are  the  first  to  feel 
die  intense  solar  radiaticm  which  takes  place  at  so  cold  a  body, 
and  thus  to  be  melted  by  the  sun  or  by  the  warmth  of  the 
breeases  that  blow  over  them.  But  these  illustrations  need 
not  be  extended,  for  it  would  afford  ample  and  interesting 
materials  (or  a  volume,  to  describe  the  known  purposes  which 
wat^  serves  in  the  organic  kingdom,  every  one  of  them  as- 
tonisbing  the  mind  by  the  simjdicity  of  the  mechanism  by 
which  they  are  produced. 

The  ministration  of  water  in  the  organic  kingdom  is  more 
interesting  stilL  It  has  been  shown  that  water  is  resolved  in- 
to soUd  forms,  when  it  is  coded  suflEiciently,  and  that  these  are 
again  dissolved  at  temperatures  above  aero.  Butitseemstofol- 
lowy  that  there  are  certain  aqueous  molecules  which  it  may  not 
require  a  low  temperature  to  generate,  and  which  may  be  per- 
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mt  temperatures  much  above  the  freezing  point.   These 
M«  annular  or  circulated  molecalcfty  of  which  there  are  two 
«NtB,  one  harii^  the  axes  of  the  aqueous  particles  dirscted  In 
the  centre  of  the  molecule,  the  other  having  them  perpendicular. 
If  an  annultts  were  once  constituted  of  asn^niw  of  aqueous 
partides,  whose  axes  were  in  the  same  plane,  and  as  so  manj 
radii  from  a  centre,  it  would  not  readilj  be  dissolved  by  heat^fhr 
afi  the  aqueous  poles  are  perfectly  free  to  entertain  a  rtry  idgh 
degree  of  calorific  excitement,  without  mutual  reverberation  «r 
wstnunty  and  any  movements  which  might  arise  at  the  edges 
ineqoalorial  union,  would,  in  all  probalnlity,  be  unable  to  de> 
atfoy  the  cohesion  that  existed,  arising  from  the  attachment 
of  die  individual  angles,  and  the  circulation  of  the  polaritjr. 
A  snow-flake  is  thawed  at  sero,  not  only  because  much  d  k 
iaoonstituted  of  individual  particles  of  water  adhering  here  and 
there  aeridentally  upon  the  symmetrical  frame-work,  thus  caoa- 
ing  its  whiteness  and  opacity ;  but  every  one  of  the  radii  has  its 
atibtile  matter  polarixed,  and  when,  by  ao  increase  of  tem* 
pemtnre,  the  energy  of  the  repulskm  along  the  axis  becomes 
graater  than  the  existing  cohesfen  amoi^  the  particles,  the 
eKtrema  partides  are  rqielled  and  thrown  off,  and  the  whole 
11  resolved  into  water.  But  an  annular  molecule  is  an  axis  bent 
into  a  circle  as  described  already,  and  the  effect  of  the  sub- 
tile matter  in  such  a  state,  is  to  impart  greater  cohesion  and 
stability.     The  molecule  in  which  all  the  particles  implied  in 
it,  have  their  axes  in  the  same  plane,  and  disposed  as  radii 
emanating  from  the  centre,  may  be  called  tubular^  because  a 
number  of  them  symmetrically  united  constitute  a  tube.     The 
number  of  aqueous  particles  necessar}*  to  constitute  it  is  vari- 
able, but  cannot,  in  any  instance,  be  expected  less  than  twelve. 
The  second  permanent  sort  may  be  called  a  CeUmlar  moHecnk: 
H  is  the  senate.  Fig.  S4,  and  is  constituted  of  six  partkles,  hav. 
ing  a  hexagonal  opening  in  the  centre.  The  action  of  heat  is,  in 
this  case,  still  less  injurious  than  in  the  other,  and  the  circu* 
lar  form  equally  prevents  the  institution  of  a  repulsive  axis  to 
disripate  the  aqueous  partides.    A  tissue  of  such  mdecides 
lo  any  extent  may  be  constructed,  in  which  not  more  than 
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two  can  be  found  in  a  straight  line,  and  the  symmetry  of  the 
whole  will  be  very  great.  It  is  not  di£Scult  to  see  that  these 
molecules  must  often  be  developed  in  nature, — and  first  of  the 
tubular. 

When  a  quantity  of  water  or  vapour  is  resident  over  any 
surface  of  a  dissimilar  nature,  the  aqueous  particles  must  be 
very  contiguous  to  it,  and  though  their  heat  may  cause  a  re- 
c«nl  as  often  as  they  touch  it  in  the  direct  line  of  their  poles, 
yet  it  will  certainly  often  happen  that  particles  of  water  shall 
become  attached  to  the  bottom  and  sides  of  the  pool,  well,  or 
vessel  which  contains  the  liquid,  or  to  any  body  which  happens 
to  be  there.  The  power  of  cohesion  at  temperatures  such  as 
from  7°  to  16°  cent,  or  45**  to  60®  Fahr.,  which  are  most  highly 
compatible  with  a  quiescent  state  of  the  water,  may  be  adequate 
to  institute  this  attachment  of  itself;  but  it  may  be  greatly 
aided  by  a  certain  chemical  affinity  or  difierence  in  electrical 
state,  between  the  aqueous  particles  and  those  of  the  solid 
body  contiguous  to  them.  A  mass  of  aqueous  particles  in 
the  tubular  condition,  will  also  exert  a  powerful  influence  to 
diqx)se  to  the  evolution  of  more  water  in  a  state  of  arrange- 
ment similar  to  its  own. 

The  edge  of  cohesion  being,  in  all  bodies  whatever,  of 
equal  length,  that  of  the  equator  of  a  particle  of  water  must 
be  conformable  to  the  edge  of  any  body  which  happens  to  be 
contiguous,  and  the  adhesion  may,  therefore,  be  perfect  any 
where.  On  surfaces  from  which  trihaedral  angles  project, 
water  may  also  be  attached,  by  the  insertion  of  a  trihsedral 
an^e  into  its  pole,  and,  in  this  case,  the  attachment  will  be 
very  strong.  When  a  particle  has  been  any  how  attached,  and 
its  electrical  state  more  or  less  changed  by  the  contact,  another 
will  naturally  attach  to  its  equator.  The  diameters  of  two  par- 
ticles of  water  thus  attached  are  in  a  straight  line,  and  constitute 
a  polarized  axis.  This  must  be  positive  and  negative  at  oppo- 
site extremities.  Whatever,  then,  be  the  state  of  the  surround- 
ing water,  as  soon  as  any  particle  in  the  neighbourhood  is 
thrown  out  of  its  position  of  symmetry,  it  cannot  escape  being  at- 
tadied  to  one  extremity  or  other;  and  thus  the  line  of  attached 
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aqueous  pDrticlea  increases  till  the  axis  acquires  its  true  length 
oompatible  with  the  temperature,  with  the  subtile  state  of 
the  surrounding  medium,  or  of  the  substance  to  which  it  is 
attached,  and  with  other  circumstances  which  will  determine 
its  species,  or  the  number  of  particles  that  can  subsist  united. 

Beyond  this,  shouJii  any  particles  be  accidentally  added,  they 
will  again  be  discharged ;  nor,  indeed,  could  wecooceive  the  axis 
itself  to  possess  any  permanency  when  the  excitement  which 
generated  it  is  over,  if  it  were  necessitated  to  continue  as  a 
pdarized  axis ;  but  it  is  evident  that  the  only  portion  in  which 
it  can  do  so  is  when  the  equators  of  all  the  particles  an^  in 
one  straight  line,  a  condition,  where  their  number  is  consider- 
able, that  cannot  he  expected.  In  all  other  cases,  the  con« 
secutive  poles,  proper  to  the  two  extremities,  will  bend  round 
towards  each  other  as  much  as  possible,  and  as  soon  as  a  suf* 
6cient  number  of  particles  has  l)oen  attached  to  admit  of  the 
circuit  being  completed,  the  opposite  poles  must  unite,  and  a 
tubular  molecitk  attached  to  some  solid  body  be  generated. 
Even  supposing  that  the  number  actually  attached  were  too 
few  to  admit  of  their  l)ending  into  an  annulus,  the  contiguous 
particles  of  water  will  be  speedily  involved  to  complete  the 
circuity  in  which  the  subtile  mailer  will  circulate,  pnKlucing 
nather  considerable  attractions  nor  repulsions  among  the  par- 
tides  themselves. 

One  such  annular  Ixxly  evolved,  and  its  permanency  se* 
cured  by  its  structure,  will  facilitate  the  evolution  of  others 
of  the  same  species  in  its  nei(^hlK)urh<N)d  ;  so  that,  the  condi- 
tions favourable  for  development  remaining  the  same,  the 
production  of  the  second  will  Im?  more  easy  than  that  of  the 
first.  Those  which  have  lieen  evolved  will  then  assume  a 
symmetrical  position  in  relaiion  to  each  other,  and  thus  they 
will  constitute  a  fragile  cylinder  or  tube,  which  may  either 
continue  attached  to  the  solid  body  where  the  deposition  com- 
menced, by  that  one  to  which  they  aggregated,  or  may  be  de- 
tached, and  come  to  the  surface  to  ihe  air  and  light.  Where 
one  was  developed,  doubtless  many  others  would  be  also,  as 
the  developing  cause  must  extend  over  a  great  quantity  of 
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material.  Thus,  there  will  ulumately  result  a  faseiculus  or 
group  of  spicular  filaments  of  a  vitreous  or  watery  lustre,  and 
frangible  across  the  axis.  Through  the  interior  of  the  spi-o 
eulum,.  were  it  pervious,  water  will  be  transmitted  with  great 
force,  and  in  that  r^ion  it  will  necessarily  be  very  much 
agitated  by  the  calorific  repercussion  to  which  it  will  be  ex- 
posed in  traversing  this  tube,  so  beautifully  studded  with- 
in by  very  hot  points  acting  violently  upon  every  body  con* 
tiguous,  except  upon  the  walls  in  which  they  are  inserted. 
When  any  accident  ocenrs  to  prevent  the  iree  transmisrion 
of  ihe  water,  or  when  the  electrical  state  of  the  medium  i» 
ehai^ed,  so  that  a  tube,  which  must  be  a  polarized  axis  of 
the  given  length,  can  no  longer  exist,  these  annuli  will  be 
thrown  oiF  from  one  or  both  extremities,  mad,  bdng  simi- 
larly excited  with  k,  they  will  necessarily  move  away  htm 
the  pole  which  disengaged  them  to  some  place  of  repose. 
There,  losing  their  unipolar  state,  they  will,  in  favourable 
circumstances,  dispose  to  the  developement  of  otliers  like 
themselves ;  and  thus,  out  of  every  annukis  disengaged,  a 
fibre  will  be  reproduced  similar  to  the  parent.  In  the  state 
6f  annuli,  it  is  not  improbable  that  they  may  often  rotate 
in  water,  as  if  they  were  spheroidat  molecules. 

Such  are  the  phenomena  which  must  be  taking  place  it> 
water  at  the  temperatures  at  which  it  possesses  fluidity,  yet 
not  excessive  mobility  and  mutual  repulsion,  and  it  is  in- 
teresting to  inquire,  whether  we  find  any  evidence  of  such 
phenomena  in  nature.  That  a  tube,  whose  circumference 
consisted  only  of  twelve  or  fifteen  particles  of  water,  sliould 
be  visible  under  any  power  of  the  microscope,  is  not  to  be 
expected,  more  especially  when  possessing  s6  hyaline  a  struc- 
ture as  a  tube  of  water.  But  it  is  probable  that  a  much 
greater  number  of  aqueous  particles  will  be  almost  always  im- 
plicated in  the  structure  of  such  spicula,  and  still  more,  that 
a  compound  spiculum  may  be  developed,  composed  of  a  fasci- 
culus of  lungleones;  and  it  is  certunly  worth  inquiring  whether 
Bttdi  be  not  visible.  Now,  when  we  carry  down  our  microsco- 
pic obsorationa  to  their  ultimate  limits,  we  meet  abundantly 
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with  moat  minute  gpicuk,  adberii^  to  the  groMer,  yet  Tery  mi- 
tmtey  filaments  of  nuirhie  and  fresh  water  algv,  to  strawB,  leaves, 
awl  miliar  bodies,  that  hare  reposed  for  some  time  in  water ; 
and  these  ^icular  and  filamentary  productions  poiseas  such 
dmivcters,  that  here,  doc  less  distinctly  than  in  the  forms  of 
wmoWf  does  nature  respond  to  the  views  that  have  beenadvaoced. 
Bappily,  these  bodies  have  of  late  excited  much  of  the  attention 
of  naturalists,  being  sometimes  claimed  by  the  botanist  as  his 
property,  sometimes  by  the  zoologist ;  while  at  other  times 
bodi  parties  seem  not  reluctant  to  yield  to  the  other,  objects 
whoae  natural  history  remained  so  per|Jexing.  The  most  ele- 
■JBtaiy  species  are  included  in  the  order  DkUomea  of 
Agsrdh,  of  which  about  fifty  diiFerent  forms  have  already  been 
dlocribed  in  Agardh's  '<  Species  Algarum.'"  This  botanist 
gtwm  the  character  of  the  order  at  some  length,  of  which 
the  following  is  a  part :  ^'  Diatoms.*.  Corpora  varise  foruMe, 
pkoa,  crystallina  in  fhistula  seoedentia;  corpora  crystalliformia, 
Kneis  plerumque  rectis  circumscripta,  atque  aut  adformia, 
ant  quadranguU,  rarius  linea  curva  drcuroscripta ;  cseterum 
rigida,  fragilia,  in  varias  formas  aggregata ;  aut  nimi- 
in  paralldogrammum  aut  in  drculum  aut  apud  superi- 
in  filum ;  ex  qua  compositione  suo  quodque  modo  8a?pe 

singular!  solvuntiir.^  &c.  *'  This  family  of  ours,^  he 
adds,  '*  forms  the  transition  from  the  inorganic  to  the  vegeta- 
ble kingdom,  as  the  Nustochina?  and  Confcrvoida?  do  to  the 
animal  kingdom.  It  includes  v^^ating  crystals  (crystalla 
vegetabilia)  bounded  by  straight  lines,  and  aggregated  into 
amass,  which  is  still  crystalliform,  difiering  from  minerals 
only  in  this,  that  at  last  they  depart  in  individual  portions."** 
Tlie  manner  of  their  departure  in  annuli  is  certainly  not  less 
i^fgnWr  than  it  is  curious  to  observe,  but  it  is  only  a  spe- 
cific mode  of  effecting  what  every  crystal  does  when  it  dis- 
aolvea,  decrepitates,  or  evaporates.  Each  of  these  frustula  is 
a  molecule  of  the  body,  and  the  necessity  of  the  phenomena 
observed,  follows  from  the  laws  of  material  action 

To  obtain  a  very  perfect  representation  of  many  of  these 

»,  it  is  only  necessary  to  lay  down  a  slender  prism 

r2 
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of  nitre  in  a  saturated  solution  of  the  same.  On  difiercBt 
r^ons  of  the  sides,  groups  of  slender  spicula  arising  from  a 
common  origin,  and  disposed  in  radiating  pencils,  in  parallelo- 
grams, and  sectors  will  appear,  as  like  as  can  be  well  imagin- 
ed (though  doubtless  much  more  rude)  to  those  crystalline 
fibres,  which  are  every  where  met  with  upon  the  fronds  of 
the  capillary  algae.  Nor  will  these  spicula  of  nitre  be  found 
more  permanent  than  the  others,  if  the  physical  condition  of 
the  medium  be  changed.  An  increase  of  temperature  will 
remove  molecules  from  their  extremities,  which  cannot  again 
be  lengthened  by  depressing  the  temperature.  The  saline 
molecules  rather  give  rise  to  new  filaments,  and,  if  their  quan* 
tity  be  considerable,  and  that  of  the  solvent  small,  the  nitre 
catmot  be  prevefited  from  stretching  up  in  aborescent  forms 
over  the  walls  of  the  vessel  which  contains  it,  like  a  Junger- 
mannia,  a  Vaucheria,  or  an,  Oseillatoria.  Were  we  to  con- 
struct synthetically,  by  combining  aqueous  particles,  molecu- 
lar forms  to  illustrate  these  views,  we  should  constandy  evolve 
forms  quite  similar  to  many  of  those  figured  as  algse.  Let 
the  reader  only  inspect  the  Diatoma  tenue,  flocculosum,  fenes- 
tratum,  marinum,  arcuatum,  auritum,  &c.  the  Fragillaria 
unipunctata,  hyemalis,  &c.  the  Echinella  fasciculata,  &c.  of 
Lyngbye'*s  Tentamen  Hydrophytologiae  Danica?,  or  many  of 
the  Fungi  and  Algae  of  Greville^s  beautiful  Cryptogamic 
Flora,  and  he  will  find  all  that  could  be  wished  to  illustrate  the 
structures  of  water  now  contended  for,  as  the  scaffolding  of 
these  merorgantc  bodies. 

The  other  remarkable  family,  the  Nostochina?,  alluded  to 
by  Agardh,  includes  substances  consisting  of  filaments  or 
groups  of  particles,  which  are  enclosed  in  a  tremulous  mass 
like  a  gelatinous  hydrate ;  and  that  such  gelatinous  matter 
should  be  abundant,  we  will  not  deem  strange,  when  wc  rc^ 
member  how  small  a  quantity  of  that  universally  abundant 
substance,  silex,  reduces  pure  water  to  the  state  of  tremu- 
lous jelly,  and  how  easily  water  is  otherwise  reduced  to  the 
gelatinous  state.  The  included  molecules  and  fibres  in  this 
case,  however,  arc  generally  much  more  highly  organized 
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lluui  io  the  dtatomeie,  and  often  seem  to  perform  movcmenu 
more  analogous  to  those  of  animal  than  of  vegetable  func- 
tiooa.  Treating  of  them,  Professor  Agardh  says,  **  the  crys- 
taliine  and  rectilinear  form,  the  vitreous  lustre  and  rigidity,  all 
whidi  placed  the  former  on  the  limits  of  the  inorganic  king- 
dom, hare  disappeared.  We  have  entered  on  the  confines  of 
the  animal  kingdom.  It  begins  by  an  organic  gelatine,  but, 
as  ia  the  case  in  the  preceding  family,  it  is  to  be  remarked 
that  the  individuals  are  not  free,  but  are  grouped  together  into 
m  community  of  a  definite  form.*^ 

The  movements  which  are  exhibited  by  the  included  fibres 
and  molecules,  arc  generally  those  of  oscillation,  or  some  mo* 
dification  of  systole  or  diastole,  by  which  the  excitement  of 
subtile  matter  is  transferred.  There  is  sometimes  a  deliberate 
oscillation  through  a  certain  angle,  as  in  some  oscillatori«; 
at  other  times,-  as  in  some  of  tlie  diatomese,  two  filaments 
separate  and  unite;  but  in  none  have  I  remarked  a  morem- 
golar  movement  than  in  the  molecules  included  in  a  large  ge- 
latinous mass,  of  a  light  green  colour  and  conglomerated  form, 
which  is  abundant  in  the  stagnant  water  of  moss-pits.*  Tliese 
■lolecules  are  disposed  in  the  circumference  or  arch  of  a  oirdc, 
and  they  vary  in  their  form  from  oblong  to  oblate.  They 
all  possess  tlie  same  shape  at  the  same  time,  and  though  they 
are  separated  from  each  other  by  their  gt^latinous  nidus,  they 
all  commence  at  the  same  time  to  stretch  out  in  the  direction 
of  their  axes,  which  are  parallel  to  the  radii  of  tlie  arch  in 
which  they  are  disposed  ;  and,  after  a  somewhat  deliberate 
movement  outwanls,  their  form  being  lengthened  by  tlie 
whole  distance  which  the  preceding  extremity  moves  through, 
they  all  suddenly  shrink  back  to  their  oblate  figure.  This 
movement  was  continued  witiiout  intermission  as  long  as  I 
observed  them. 

*  It  18,  if  I  remember  right,  figured  in  thv  work  on  Inpusokia  of  Miil- 
ler,  an  ftdmirabie  naturalist,  whose  works  contain  sounder  views  of  natunl 
science  than  were  ]X)puhur  in  his  <1ay,  and  anticipations  and  detailed  ac- 
counts of  many  species  of  invertebrated  animals,  and  other  discoverieSi 
wliich  have  been  since  appropriated  by  others. 
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Allhougb  such  bodies  no  doubt  possess  a  structure  very 
cpiuplicated  coiaapared  with  any  which  can  be  immediately 
conjectured,  yet  perhaps  their  structure  may  one  day  be  dis- 
qovered.  We  will  not  long  consider  them  as  composed  of 
watier  only,  if  we  suppose  that  there  exist  within  them,  or 
diffused  in  gebttinoua  nidus,  any  tubes  or  oeUs  ooostituted  of 
water.  The  eneigy  ol  such  an  apparatus  to  decompose 
water  must  be  extreme.  Chemists  are  often  aUe  to  decom- 
pose bodies  in  immense  quantities,  such  as  cubic  inches,  by 
pasnng  them  through  red-hot  tubes  of  considerable  diameter. 
It  is  impossible  to  assign  limits  to  die  decomposing  energy  of 
such  a  minute  tube  as  one  composed  c^  annular  mcdecules  of 
water,  acting  perhaps  upon  a  single  particle  within.  It  ia 
pot  improbable  that  some  particles  mij^  even  be  resolved 
into  radiant  matter  itsdf ;  in  which  case,  as  will  be  afterwards 
shown,  the  oiganized  being  becomes  fit  for  having  that  power 
lodged  within  it,  which  makes  it  to  be  an  animal  or  sentient 
(Bieature.  If  it  be  asked  whether  such  bodies  gmerally  are  to 
be  called  crystals^  plants,  or  animals,  it  may  be  remarked, 
that  the  ideas  vulgarly  attached  to  any  of  diese  terms  (and 
irulgar  kieas  must  always  regulate  the  uso  of  common  words) 
do  not  apply  to  these  merorganic  forms.  Meantime  it  is  a 
matter  of  gveater  moment  to  investigate  their  origin  and  na- 
tural history. 

The  cellular  molecule  of  water  (Fig.  34.)  seems  to  perform 
an  oflBoe  in  the  vegetable  economy  yet  far  more  important  than 
the  tubular.  It  is  difficult  to  see  how  tubular  molecules  could 
be  generated  in  confined  places,  such  as  in  the  germinadng 
siseds  df  plants,  or  in  the  v^etable  structure  subsequently 
evolved.  But  cellular  molecules  are  of  most  easy  production 
e^ery  where,  and,  doubtless,  wherever  six  particles  of  water, 
and  no  more,  are  contiguous  in  any  region,  they  will  unite  in- 
to a  cellular  molecule ;  for,  by  doing  so,  they  acquire  unity 
and  ^mmetry.  Now,  except  the  carbon  of  plants,  which 
will  be  afterwards  treated  of,  chemical  analy^s  shows  that 
almost  the  whole  vegetable  tissue  consists  of  oxygen  and  hy- 
drogen, in  the  proporticms  which  constitute  watery  and  a^ 
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these  bocUefl,  to  far  a«  we  know,  are  never  presented  lo  each 
other,  in  such  circumstances,  without  forming  water,  ii  is 
very  reasonable  to  conclude,  that  the  vegetable  tissue,  exoefil 
in  as  far  as  it  b  carbonaceous,  is  aqueous. 

It  will  aiVerwards  be  shown  that  the  frame- work  of  the  spinil 
vessd,  the  woody  fibre,  and  vascular  system  generally,  is  in 
a  great  measure  composed  of  carbon.     It  is  no  less  apparent 
chat  the  mould  of  the  cellular  tissue  is  in  a  great  measure 
composed  of  water,  and  it  is  easy  to  see  that  cellular  mol^ 
Gules  united  into  laminse  and  interlaced,  will  give  rise  to  the 
▼ery  structure  found  in  cellular  plants,  as  far  as  that  can  be 
discovered.     The  apertures  in  the  centre  of  each  molecule 
which  are  isamorphous  with  the  equatorial  projection  of  a 
partide  of  water,  will  be  large  enough  to  transmit  hydrogeB^ 
oxygen,  and  carbon,  but  not  water ;  and  this  is  perhaps  lew 
4iDg  us  as  far  into  the  mystery  of  secretion  as  can  easily  be 
effected.     Suppose  a  quantity  even  of  pure  water  to  find  acU 
mittanoe  into  a  cell  on  the  surface  of  a  leaf,  the  heat  which 
may  be  generated  there  by  the  light,  as  has  been  shewn,  may 
be  very  great.     The  aqueous  particles  cannot  escape  from  the 
fire  which  surrounds  them  on  every  point,  for  it  is  to  be  re- 
marked of  these  cells  of  aqueous  tissue,  as  was  formerly  done 
of  the  tubular  tissue,  that  the  aqueous  poles   vibrating  at 
right  angles  to  the  walls,  may  be  intensely  hot,  without  occa- 
sioning any  dissolution  or  injury  to  the  walls  themselves.    As 
sooD  as  a  particle  of  hydrogen  is  evolved,  it  may  escape 
through  the  hexagonal  apertures  into  a  colder  ceU,  and  be  re- 
lieved.   The  oxygen  may  do  the  same,  but  most  probably,  in 
consequence  of  its  dissimilarity  of  motorial  state,  it  will  be 
solicited  to  another  route,  and  one  or  other,  while  separate^ 
may  unite  with  carbon,  and  thus  the  return  to  the  state  of 
water  be  prevented,  and  a  volatile  oil,  or  more  perfect  forms, 
such  as  sugar,  starch,  or  malic  acid,  be  generated. 

Were  the  organic  pores  of  the  cellular  tissue  no  larger  than 
the  diameter  of  a  particle  of  water,  they  would  be  very  much 
beneath  being  visible ;  nor  could  we  hope  that  any  micro- 
scope, however  perfect,  could  enable  us  to  see  them.  Pro- 
bMy  they  would  be  much  less  than  one  millionth  of  aa 
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inch.  Only  a  single  ray  of  light  could  be  transmitted  through 
them,  while  the  lumeniferous  excitement  of  the  three  others 
entering  into  the  structure  of  a  perfect  ray,  would  be  detain- 
ed on  the  farther  side,  iBtnd  interference  and  darkness  would 
doubtless  ensue.  Many  microscopic  observers  have  thought 
that  they  saw,  organically  distributed,  pores  in  the  walls  of 
the  cellular  tissue ;  and  that  this  is  the  case  in  many  regions 
of  the  vegetable  tissue  cannot  be  doubted :  but  the  pores  seen 
in  the  young  pith»  and  wherever  they  are  generally  said  to 
have  been  detected,  are,  in  reality,  little  globules  of  transpa- 
rent starch  attached  to  the  walls  of  the  cells.  The  refraction 
which  they  occasion  in  light,  transmitted  at  a  distance  from 
the  axis,  produces  the  appearance  of  a  dark  border  surround- 
ing a  lucid  pore,  so  that  there  is  really  a  bourrelci  saiUant^  as 
M.  Mirbel  describes,  though  of  a  nature  somewhat  different 
from  that  which  that  physiologist  supposes.  That  these 
seeming  pores  are  really  minute  globules  of  starch,  is  proved 
*by  the  fact,  that  they  may  be  washed  off  from  their  positions, 
examined  on  the  glass,  and  dissolved  by  warm  water.  In 
many  cases,  however,  their  distribution  is  so  regular,  and 
their  aspect  so  hyaline,  that  it  is  not  wonderful  that  they 
have  been  considered  as  real  pores. 

In  the  vegetable  structure  we  observe  a  most  beautiful  de- 
velopment of  the  numbers  determined  by  those  of  the  aqueous 
particle,  which  may  be  said  to  belong  to  the  temcde  system. 
Not  to  mention  the  hexagonal  form  of  cells,  and  such  forms 
which  would  arise  from  the  compression  of  cylinders  and 
spheres,  it  is  not  to  be  forgotten,  that  plants,  in  which  the  cellu- 
lar or  aqueous  structure  is  most  abundant,  are  characterised 
by  a  most  singular  peculiarity,  hitherto  deemed  very  marvel- 
lous. The  number  three  constantly  appears  in  the  forms  of 
their  stems,  the  fibres  of  iheir  leaves,  and  still  more  beauti- 
fully  in  the  parts  of  their  fructification.  Their  stems  are 
often  trigonal.  There  are  always  three  parallel  nerves  tra- 
versing the  leaf.  The  corolla  usually  consists  of  three  parti- 
tions or  petals :  there  are  usually  three  stamens ;  three 
locuments  in  the  seed-vessel.  Where  any  organ  appears 
single,  the  rudiments  of  the  other  two  are  generally  to  be 
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tnoed ;  and  when  the  number  is  more  than  three,  it  w  always 
a  multiple,  such  as  six  or  nine.  It  will  aflerwards  be  shewny 
that  tliere  is  an  equally  good  reason  for  the  prevalence  of 
fire^  and  its  multiples,  in  the  dicotylcdones  or  more  carbona- 
oeous  dasi.  Where  the  structure  is  still  more  imperfect,  and 
the  Tariety  of  constituent  matter  great,  there  appear  only  the 
nombers  proper  to  subtile  matter,  the  circle  and  the  axis,  in- 
finity and  multiples  of  two.  This  is  beautifully  dispkyed 
in  the  peristomes  of  the  mosses,  the  cruciate  and  biiiate  ar- 
nngement  of  the  seeds  in  the  ulvoidesp,  and  many  other  tribes 
of  phmts.  It  is  also  displayed  in  the  simplest  animals,  as  in 
those  coloured  bodies  in  the  meduudsp,  which  are  distributed 
between  their  axes  and  circumference.  It  has  been  detected 
in  the  fungi  by  the  learned  Fries,  and  forms  the  basis  of  his 
Systems  Mycologicum,  nay  even  of  a  quaternary  system,, 
which  he  extends  to  all  nature.  The  Pythagorean  oath  of 
the  Tir^1n»  then,  is  not  to  be  disesteemed.  The  circulation 
of  subtile  matter,  however,  which  obtains  in  organized  forms, 
tends  constantly  to  overcome  these  dispositions  towards  orr- 
tain  numbers  connected  with  the  forms  of  the  matter  out  of 
which  the  organized  body  is  constituted. 

It  appears,  then,  that  water  perfomiB,  in  the  economy 
of  our  world,  the  most  curious  and  interesting  pur))osi's ;  and 
having  said  so  much  of  the  part  which  it  occupies  in  the  mi- 
croscopic world,  a  few  words  may  be  added  of  it»  probable 
existence  in  the  regions  of  the  telescope.  In  the  rep'ons  of 
s|iace  this  instrument  unfolds  stars  and  planets,  comets  and 
nebula?.  These  celestial  Ixxlies  very  nattirally  divide  thcm- 
seU'cs  in  two  groups,  into  Stars  and  Planets,  which  we  may 
study  by  analogy  of  the  earth  and  sun  ;  and  into  Comets  and 
Nebulse,  which  are,  in  many  resptxrts,  different  from  the  for- 
mer, and  similar  to  each  other.  With  regard  to  those  nebulsD 
which  arc  not  clusters  of  very  distant  stars  all  that  can  be 
discovered  is,  that  they  arc  composed  of  matter  in  a  state 
more  or  less  analogous  to  vapour ;  and,  as  it  is  the  simplest 
hypothesis,  so  we  may  entertain  it  till  something  appear  to 
the  contrary,  that  certain  nebula'  arc  volumes  of  aqueous  va- 
pour interbced  with  the  radiant  medium,  which  is  indeed  say- 
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ing  nothing  else  than  that  tb?y  are  immense  douds  in  the  sky. 
Water  is  the  true  protogyne  of  nature;  and  to  pms  over 
water  and  as^uqae  that  m  nebube  are  oonatituted  of  it,  would 
be  unwarrantable«  If  aqueous  qebuIsB  arp  not  attracted  to 
aovne  dense  body,  it  sefoi^  tq  folbw  that  they  shall  tend  to 
aggregate  into  drops  of  dew,  or  flakes  of  soowy  and  shall  at 
last  be  cop9olidated  into  an  aqueous  or  glacial  mi^s.  The 
observations  of  the  admirable  Sir  William  Hersf^bel,  in  his 
**  sweeps^  of  the  heav^ns»  led  him  to  conclude  the  ponsolida- 
tioa  of  nebulas**  Masses  thus  constituted  could  certainly 
overcome  the  reustance  of  the  radiant  medium  (for,  until 
they  rotate,  that  medium  must  ocpauon  resistance),  and 
proceed  towards  the  stars  in  their  neighbourhood,  and,  in 
inost  cases,  perform  a  circuit  round  them*  It  might  h^ 
thought  that  they  should  often  proceed  directly  to  the  centre  of 
attraction,  and  their  orbits  thus  be  destroyed ;  but  to  produce 
such  a  catastrophe  as  this,  it  is  an  essential  condition,  that 
they  shall  not  only  be  directed  upon  that  centre  at  first,  bnt 
suffer  no  lateral  attraction  during  their  progression,  which  is 
an  extremely  improbable  case.  If  the  course  of  the  advandng 
mass  be  in  any  degree  oblique  to  the  direction  of  these  radii  of 
light,  then  they  will  act  upon  it  so  as  to  direct  it  away  from  the 
point  whence  they  emanate,  producing  phenomena  analogous 
to  a  wind  blowing  from  the  Radiant  object  The  course  of 
the  mass  will  be  the  resultant  of  the  two  forces,  that  determined 
by  gravitation  and  the  radiant  repulsion ;  and,  as  these  forces 
are  in  the  same  ratio  every  where,  both  increasing  in  the  in- 
verse duplicate  ratio  of  the  distance,  its  course  will  be  a  true 
oonic  section,  and  its  direction  around  the  sun  (provided  it 
have  no  rotation  of  its  own)  may  evidently  be  direct  or  re. 
trograde,  or  any  other  way  whatever.  One  perihelion  passage 
will  not,  however,  necessarily  imply  the  institution  of  a  regu- 
larly returning  orbit,  because  the  matter  of  the  cometic  mass 

*  But  it  is  not  to  be  forgotten,  that  all  his  observations  on  which  this 
view  is  founded  were  ma^e  on  luminous^  not  dark  nebuke ;  and  the  phe- 
nomena maj  be  equally  well  explained  on  the  hypothesis,  that  nebulse 
giving  out  light  are  returning  to  the  state  of  light. 
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wamfL  be  al»t  or  lets  chuiged  by  a  peiibelioo  piMige,  and  if 
tbc  coaditioB  of  itt  matter  be  changed/il  will  no  longer  act  as 
befcra.    If  euch  a  mtm  flhoiald  circulate  arouiMl  our  eun,  bj- 
aod-bjrf  tX  a  ecrtain  degree  of  neamew>  it  might  beoome 
▼iabky  fron  tbe  reflectioD  of  bis  light ;  and  we  are  able  Id 
pratty  oonfidently,  the  phaaet  wUch  it  would  necesarily 
It  would  be  BumMjiidcd  by  a  vapoury  ataaoephere* 
quantity  would  depend  on  iti  vicinity  to  the  nuroe  of 
hanL    But  whether  we  conceive  iu  nucfeut  to  be  water  or  ioc^ 
lie  cvaponuion  would  evidently  be  a  very  slow  proceit,  in  coo- 
wqpienc*  of  the  inability  of  water  to  trammit  heat  downwards. 
Tha  asperiments  of  Count  Rumford  prove  that  tbe  surface 
■ighf  be  made  to  boil  by  tlie  solar  heat,  while,  at  no  great 
depth,  die  water  would  be  oomparattveiy  cokL     The  smaller 
the  mass,  it  would  pam  into  the  state  of  vapour  more  easily* 
baraase  the  weight  of  its  particles  would  be  less ;  and,  if  it 
did  not  possem  a  certain  quantity  of  matter,  probably  the 
whole  would  very  speedily  be  converted  into  vapour.    When 
it  qipraeched  the  sun,  its  vapoury  atmosphere  could  not  be 
spherifsil,  but  would  be  extended  into  a  coma  behind  the 
nucleus,  where  it  was  secure  from  the  impubioo  of  the  sun* 
beams,  and  were  it  of  a  visible  nature  it  might  be  illumi- 
nated by  the  tangent  rays.     Were  it  pure  steam  in  a  state  of 
perfect  symmetry,  however,  it  follows,  that  the  wliole  coma 
should  be  invisible ;  but  the  external  confines  must  be  cooled, 
and  have  many  interferences  with  the  radiant  matter,  which 
will  destroy  the  symmetry  there,  and  render  this  part  visible. 
We  should  therefore  expect  the  coma  of  such  an  aqueoua 
mass  to  be  more  or  less  perfectly  the  frustum  of  a  cone  (of 
which  tbe  sun  is  the  imaginary  apex),  opaque  externally,  and 
tnuisparent  within.    When  the  mass  is  proceeding  in  that 
region  of  its  orbit,  so  that  the  coma  lies  in  the  radius  vector 
rather  than  in  the  orbit,  that  is,  in  the  region  of  the  perihe- 
lion, it  is  evident  that  tbe  summit  of  the  coma  must  be  bent 
away  by  the  rcustance  of  the  radiant  medium  towards  the 
region  which  it  has  left,  like  the  summit  of  a  plume  waved 
in  ftiH  air.    Moreover,  the  course  which  the  vapour  would 
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pursue  in  escaping  from  under  the  sun  to  the  coiiia''s  shfklow, 
must  produce  the  efi^  of  a  lucid  canopy  on  the  aspect  facing 
the  sun,  for  it  is  from  this  aspect  that  the  vapour  will  be 
chiiefly  raised ;  and,  as  soon  as  it  has  attained  a  certain-  eleva- 
tion, it  will  be  reflected  by  the  intense  sunbeams  as  a  Jet  (Teau 
id  by  gravitation,  and  find  its  way  into  the  coma.  When  the 
whole  nucleus  is  evaporated,  this  ludd  canopy  must,  of  course, 
disappear,  and  the  whole  constitute  a  pencilliform,  or  sphe^ 
raidar  nebula.  As  it  recedes  from  the  source  of  heat,  these 
phenomena  will  be  produced  in  an  inverse  order. 
•  Now,  this  is  a  relation  of  the  very  phenomena  presented  by 
comets,  and  as  it  is  the  sim[dest  and  most  natural  supposi- 
tion,  so  every  phenomenon  which  they  exhibit  countenances 
the  idea,  that  they  are  in  a  great  measure,  in  many  .cases 
whdlly,  composed  of  water.  The  number  of  comets  which 
have  been  observed  to  perform  circuits  around  our  sun  is 
very  great ;  but  when  we  consider  that  they  must  be  large 
before  they  can  be  viable,  or  can  perform  such  a  circuit,  we 
shall  regard  the  comets  of  astronomers  as  but  a  small  frac- 
tion of  those  which  are  connected  with  our  heavens  more  inti- 
mately than  those  of  any  other  system. 

Of  comets,  some  return  regularly  like  planets,  others  are 
no  less  strangely  found  to  be  amissing  at  the  time  when  they 
are  expected.  There  is  nothing  more  instructive  as  to  their 
true  nature,  than  that  they  should  move  through  the  heavens 
in  every  direction ;  and,  as  will  be  afterwards  shewn,  this 
forms  a  very  powerful  argument  for  their  aqueous  nature. 
Some  philosophers  have  inquired  into  the  probability  of  a 
corners  attaching  itself  to  the  earth  ;  some  have  thouglit  that 
they  found  the  records  of  such  an  event  in  the  crust  of  the 
earth,  and  even  pidns  have  been  taken  to  calculate,  that  after 
many  millions  of  years,  this  globe  will  su£Per  some  wrong  from 
such  an  accident.  Nothing  seems  more  probable  than  that 
a  planet  should,  in  the  course  of  ages,  receive  the  addition  of 
the  matter  of  a  comet  to  its  own ;  and  if  it  be  the  nature  of 
water  to  be  converted,  in  the  course  of  ages,  into  solid  bodies, 
such  an  event,  or  something  equivalent,  must  be  required  to 


OF  WATER.  237 

stntain  tlie  planel^s  organizaboo,  tbougli  it  iiiay«  in  ihe  first 
iiMtance,  deluge  it.  Should  a  comet  be  attracted  towards  « 
planet  poaaetsing  such  a  temperature  as  the  earth,  we  sbould 
pfobobly  obtain  evidence  of  its  approach  or  not,  aoooiding  to 
its  magnitude.  When  with'm  a  certain  distance  of  the  globe, 
unless  it  were  directly  incident,  it  would  revolve  when  at  a 
certain  degree  of  proxiaiity  around  it,  producing  immense 
tides  in  the  ocean  in  consequence  of  its  attraction  of  aggreg^ 
tioD  as  well  as  gravitation,  and  would  begin  to  be  distilled 
over  as  mist,  clouds,  and  showers.  An  unusual  rain  would 
increase  to  a  certain  maximum,  and  then  gradually  *^  assuage;** 
and  when  the  whole  nebula  was  received  by  the  earth,  the  sky 
would  clear  up  and  permit  the  sun  to  shine  upon  the  deluged 
planet.  Comets  and  some  nebula?,  then,  are  merely  the  mists, 
hailstones,  and  raindrops  of  the  ethereal  expanse,  analogous 
to  those  of  the  earth'^s  atmosphere. 

Pure  water,  when  kept  in  an  insoluble  vessel,  is  a  very 
permanent  body.  But  this  can  only  be  said  of  it  when  its 
electrical  state  remains  undisturbed.  One  of  the  most  curious 
features  connected  with  its  structure,  is  the  ease  with  which 
it  may  be  separated  into  two  bodies  capable  of  being  developed 
in  a  singularly  easy  manner  by  the  two  electricitii^s.  Every 
particle,  which  is  at  once  strongly  electro-positive  in  one  re- 
gion, and  electro. negative  in  another,  can  at  once  l)e  resolved 
into  two,  one  of  which  is  very  highly  positive,  and  the  other 
very  highly  negative.  Suppose,  then,  that  two  wires,  from  the 
poles  of  a  galvanic  axis,  are  brought  near  each  other,  and  that 
a  particle  of  water  is  placed  in  the  focus,  it  is  solicited  opposite 
ways.  In  virtue  of  being  positive,  it  is  drawn  to  the  negative 
pole ;  and  in  virtue  of  being  negative,  it  is  drawn  to  the  posi- 
tive  pole.  It  immediately  fulfils  the  conditions  of  its  state, 
by  giving  one  particle  of  hydrogen  to  the  negative  pole,  upon 
which  the  remaining  five  particles  immediately  resolve  them, 
selves  into  the  only  symmetrical  form  that  is  possible,  with* 
out  a  great  change  of  place,  and  which  is  also  the  most  highly 
negative  of  all  bodies,  and  satisfies  most  perfectly  the  demands 
of  the  positive  pole.     Thus,  from  the  destruction  of  every 
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particle  of  water,  one  of  hydrpgen  seeks  to  the  negative  pole^ 
and  one  (6,  Fig.  87)>  evidently  of  very  difierent  structures  and 
properties,  to  the  pomtiva     If  there  is  no  body  in  the  way, 
these  bodies  may  be  seen  escaping  in  bubbles  through  the 
water,  but  the  hydrogen  only  can  be  collected  pure.    The 
other,  when  prevented  from  uniting  with  the  hydrogen,  im- 
mediately on  coming  into  the  region  of  the  radiant  medium, 
attracts  an  atom  into  it*  pole,  and  has  no  longer  such  an  ex- 
cessive  affinity  for  hydrogen,  but  they  may  exist  together  for 
a  long  time  without  uniting.    If  this  body  has  not  thus  its 
pole  occupied  by  radiant  matter,  as  soon  as  it  arrives  in  a  re. 
gion  of  electrical  equilibrium,  it  constantly  unites  to  hydrogen, 
when  both  are  simultaneously  disengaged,  and  a  particle  of 
water  results.    Hence  the  deoompoadon  of  water  into  the  two 
free  gases  now  considered  is  probably  only  a  chemical  experi- 
ment, and  never  occurs  in  nature  to  any  great  extent  Water 
is,  indeed,  frequently  resolved  into  the  form  in  which  a  par- 
tide  of  hydrdgen  is  drawn  out,  the  electro-negative  form  being 
on  its  pole  |[r,  Pig.  89%  and  the  form  prevented  from  return- 
ing to  the  common  state  of  water,  by  either  pole  being  en- 
gaged with  some  other  body.    It  is  to  be  observed  of  water 
in  this  form,  when  the  engagement  is  at  the  hydrogerent  poles, 
that  it  possesses  the  property  of  discharging  true  colours,  or 
such  as  arise  from  a  chromatic  axis.     The  naked  pole  pro^ 
bably  receives  the  extreme  atom  of  the  chromatic  axis,  which 
of  course  is  completely  destroyed,  for  the  edges  of  the  extreme 
atoms  that  are  left  must  be  parallel,"-an  arrangement  on 
which  polarity  and  the  resulting  colour  cannot  take  place. 
We  shall  find  that  this  arrangement  obtains  in  deutoxide  of 
hydrogen,  in  sulf^urous  acid,  and  the  aqueous  solution  of 
chbrine. 

Water  is  decomposed  when  it  is  placed  between  the  poles 
ci  an  acid  and  a  metal,  with  whose  calx  the  acid  unites. 
These  bodies,  the  metal  and  acdd,  are  in  opponte  galvanic 
states,  and  they  are  further  aided  in  decomposing  water,  by 
the  metal^s  demand  for  an  electro-nqptive  form,  and  the  add^s 
for  the  resulting  calx.    The  common  metals^  at  will  be  after* 
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waids  Hcfti,  are  parantic  ibniM  conlbmuibie  to  this  electro- 
negattte  body,  and  having  a  vehement  affinity  for  it  Hence 
they  exert  a  dbpotrog  influence  to  induce  the  water  into  a 
ttate,  both  as  to  form  and  electricity,  consecutive  to  them- 
sdves,  that  is,  into  the  state  of  this  body,  while  the  hydrogen 
is  aufSered  to  escape,  and  is  replaced  by  the  acid.  It  could 
not  be  asserted,  however,  that  in  the  action  of  such  an  acid 
as  o9  of  vitriol  npon  a  metal,  every  particle  of  water  sufiered 
reaolotion  into  these  two  forms.  There  cannot  easily  be  less 
byiliugen  than  the  just  quantity,  but  it  is  very  probable,  that 
aoHie  particle  of  water,  when  the  quantity  of  calx  generated 
is  greAt,  may  be  wholly  resolved  into  hydrogen.  To  this, 
the  presence  of  much  electro-negative  matter  would  dispose, 
and  the  demand  of  the  metal  for  such  matter  might  not  wlidly 
prevent  it.  In  sudi  experiments,  then,  there  will  probably 
be  fbund  a  small  excess  of  hydrogen.  Oil  of  vitriol,  and  mil- 
riatic  acid,  would  be  more  apt  to  split  water  into  hydrogen  in 
this  way  than  nitric  acid ;  for  these  two  adds  insert  them* 
selves  into  its  poles,  and  exert  a  stronger  influence  upon  three 
particles  of  hydrogen,  than  upon  the  other  three,  but  nitric 
acid  cannot  find  access  to  the  poles  of  a  particle  of  water. 

The  resolution  of  water  into  these  two  bcxlies,  can  only 
take  place  to  a  considerable  extetit  where  the  frustular  may 
unite  with  some  other  Ixxly.  When  the  pole  of  this  form  is 
naked,  the  hydrogen,  newly  disengaged,  is  again  attracted,  as 
soon  as  both  are  removed  from  the  decomposing  focus.  Hence 
water  at  the  bottom  of  the  ocean,  though  decomposed  into 
these  two  bodies  by  galvanic  energy  there,  would  be  recom* 
posed  before  the  gaseous  elements  had  gained  the  surface ; 
and  therefore,  if  this  electro-negative  body  be  found  in  the 
air  in  great  quantities,  it  cannot  be  obtained  by  the  decompo- 
sition of  the  waters  at  great  depths,  into  these  two  forms. 

When  a  vigorous  galvanic  state  is  induced  in  a  quantity  of 
water,  besides  the  gases  evolved,  certain  substances  make 
their  appearance,  of  an  alkaline  and  acid  nature,  which  has 
excited  much  of  the  interest  of  experimentalists.  Of  these. 
Hone  is  nore  curious  than  soda.   Sir  H.  Davy  obtained  onto- 
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ble  quantities  of  soda  from  pure  water  contained  in  an  agate 
cup,  which  did  jiot  yield  any  on  analysis.  He  satisfied  him- 
self, however,  that  it  was  derived  from  no  other  source  than 
the  cup,  because  he  did  not  obtain  any,  when  the  water  was 
acted  on  in  gold  vessels.  But  the  ulica  of  the  agate  has  a 
great  affinity  for  soda,  and  would  dbpose  to  its  evolution  ac- 
cording to  well  known  and  acknowledged  principles,  while 
gold  has  no  such  affinity.  Hence,  though  soda  was  not  devel- 
oped in  the  gold,  it  does  not  follow  that  it  was  not  developed 
in  the  agate.  It  is  scarcely  to  be  expected,  however,  that 
sodium  should  have  been  generated  in  notablequantities  in  such 
small  experiments :  it  is,  indeed,  one  of  the  forms  of  most 
simple  structure  and  easy  development ;  but  it  would  require 
very  unequivocal  evidence,  before  we  should  assume  that  it 
has  been  produced  in  the  laboratory  of  the  chemist. 

The  two  electrical  resultants  of  decomposed  water  tliat 
have  thus  been  elicited,  are  the  most  active  and  most  per- 
petually recurring  of  all  bodies.  The  one,  by  itself,  in  various 
arrangements,  produces  some  most  interesting  substances, 
while  the  other  is  a  constituent  of  almost  every  natural  body. 
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When  a  particle  of  hydrogen  is  removed  from  one  of 
water,  the  spendyloid  form  which  results  (Fig.  8  and  Fig. 
S7)  is  named  Oxygen  ;  its  atomic  weight  is  10 ;  its  form  is  a 
pentagonal  prism,  the  opposite  edges  of  the  base  and  summit 
being  in  a  transverse  position  to  each  other,  and  the  prism  being 
terminated  on  both  aspects  by  a  concave  or  negative  penta^ 
gonal  pyramid.  Like  water,  its  centre,  which  is  absolutely 
cold,  is  exposed ;  and  its  form  is  so  ill  adapted  for  sustaining 
a  state  of  considerable  vibration,  that  its  specific  heat  must  be 
very  small,  and  its  attractive  energy  and  weight  consequently 
great  The  facets,  supposing  the  five  contituent  hydrogena 
to  retain  their  form,  cannot  be  perfectly  in  contact,  in  conse- 
quoAce  of  the  inability  of  ten  atoms  of  matter,  or  five  particlea 
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of  fcjrdngoiy  to  tpfij  tbemtelfct  to  mA  otbcr  pofccCly  in 
tUi  pcMMoB.  We  m^  indeed  iupfMe  diet  matter  it  nft 
«noii|^  to  jidd  «  Kttle^  mm  to  prodnee  ■jmuieUjf  and  •»• 
B^.  It  it  aore  piobeble^  however,  dint  the  eaglet  onl j 
jield  n  Uttk^  and  that  the  pardde  it,  conttqotody,  in  «  ttide 

wUoh  will  aid  in  expiaiinng  die  cate  with  which 
fen^  and  iMDonitt  water  wiicn  n  particle  of  hydro* 
to  it  Itt  electrioal  ttate  it  the  mott  highfy 
or  negatiTe,  of  any  hody ,  and  itt  ezlonal  edgo  and 
pentagonal  poke  are  oonfcrmahle  to  a  great  Many  tnb* 
Hence  it  it  never  net  with  in  nature  in  n  ftee  ttate^ 
•or  can  it  be  ineukted  in  the  hboratory,  far  it  alwayt  aAcu 
Ae  nftafaf  ttatc^  and,  thut  enpoeed  to  the  incidenee  of  v^ 
diant  oiatter,  an  atom  perebet  in  itt  pole  at  hydrogen  doat» 
mmI  the  oxygen  beeomet  vital  air.  Itt  pnpertiee  are  oonee- 
quently  unknown.  It  obtained  the  nameof  onjgen  from  the 
bdief  that  it  wat  the  principle  which  generated  acidity ;  bat 
it  it  cttentially  a  port  of  the  fixed  alkaKt,  at  wril  at  moat 
other  bcHJffii  whether  acid  or  alkaline,  and  tome  of  the 
ttnmgiMt  aoidt,  tuch  at  ipirit  of  ealt  and  vinq;ar,  derive  their 
■eidty  from  the  union  of  hydrogen  with  their  bate.  The 
Greek  radical  of  the  name,  however,  ezpreetet  aleo  activity, 
and  it  therefore  etill  detcripUve  of  oxygen,  though,  at  is  wdl 
known,  it  cannot  now  be  regarded  as  the  acidifying  principle. 
Oxygen  is  very  abundantly  dilRiaed  in  nature;  it  contti- 
tutet  a  large  part  of  all  siliceout,  calcareout,  and  femiginout 
etonet  and  rocks :  it  is  abundant  in  animal  and  vegetable 
bodhea,  and  constitutes  rather  more  than  a  fifth  part  of  the 
atmosphere.  There,  however,  it  exists  in  the  only  form  in 
wUch  it  can  be  obtained  by  the  chemist,  vis.,*— 

VUal  or  Emfjfrui  jf •r.-«-When  we  consider  the  unipolar 
dectiical  state  of  a  particle  of  oxygen,  and  the  susceptibility 
of  nn  atom  of  the  radiant  medium  contiguous  to  its  pole,  to 
have  an  opposite  state  induced  upon  it,  we  will  not  hesitate 
for  a  moment  10  believe,  that,  as  soon  as  oxygen  minuet  with 

it  will  unite  with  it  at  ii  dom  with  hydrogen. 
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by  receivii|g:an  atom  in  its  pole.  But,  in  this  case,  there  will 
evidently  be  no  destnietion  of  the  form  of  the  oxygen.  Two 
such  particles,  each  charged  with  an  atom  of  radiant  vnatter, 
will  immediately  i^ce  themselves  so  as  to  cover  each  other^s 
.naked  poles,  axid  constitute  a  symmetrical  molecule,  formed 
by  two  particles  of  vital  air,  as  in  Fig.  88. 

The  absolute  atomic  weight  of  a  particle  of  vital  air,  tlien, 
is  11 ;  of  a  molecule  S2.  The  relations  between  the  atomic 
weights  of  this  work  and  those  of  other  ay  stems,  will,  now  be 
seen.  According  to  the  views  of  Dalton,  the  atomic  weight 
of  I^ydrogen  is  assumed  as  unity ;  that  of  vital  air  is  regarded 
as  7,  beeause  this  is  supposed  by  him  to  be  tlie  weight  of  the 
oxygen  which  unites  with  1  of  hydrogen  to  form  water.  Sir 
H.  Davy,  not  insisting  upon  the  atomic  views  of  Dalton, 
agreed  with  him  in  making  hydrogen  the  unit ;  but  the  pro- 
portional number  for  oxygen  he  r^ards  as  15,  because  a  vo- 
kime  of  vital  air,  equal  to  one  of  hydrogen,  which  weighs  1 , 
16  believed  by  him  to  weigh  15.  The  views  of  Berzdius, 
who,  like  Davy,  has  respect  to  equal  volumes,  are  the  same  ; 
but  he  wisely  transfers  the  initial  number  from  hydrogen 
to  vital  air,  or  oxygen,  making  the  latter  100,  and  hydro- 
gen 6.2177.  WoUaston  agreed  with  Dalton,  in  making 
the  atomic  weight  of  oxygen  correspond  to  half  a  volume  of 
the  same,  and  this  he  has  the  happiness  to  make  10,  while 
that  of  hydrogen  he  regards  as  1.8fi.  Prout  reduces  the  ratio 
of  these  two  bodies  to  that  of  8  to  1,  or  1  to  1.25,  and  these 
are  the  fundamental  numbers  of  the  system  of  Thomson.  As 
no  distinction  is  made  by  these  philosophers  between  vital  air 
and  oxygen,  the  notation  of  Berzelius,  Wollaston,  Thomson, 
and  most  chemists,  does  not  always  agree  with  that  advanced 
in  this  work.  When  their  atomic  weights  are  raised  from 
the  specific  gravities  of  the  bodies  considered  in  the  gaseous 
state,  or  compared  with  that  of  vital  air,  to  be  suited  to  those 
of  this  work,  they  must  be  increased  in  the  ratio  of  10  to  11, 
or  multiplied  by  1.1. 

As  it  exists  in  the  atmoq^ihere,  where  it  must  possess  its 
most  perfect  condition,  the  specific  gravity  of  vital  air  b  pn>- 
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hMy  rather  more  than  1.111  ;  but  different  chenrists  atrign 
different  specific  gravities.  100  cuUc  inches,  were  they  col- 
lected and  weighed,  would  balance  about  84  grains.  The 
most  careful  experiments  give  from  34.7  (Saussure)  to  88.6 
(Berzelius  and  Dulong).  Oxygen,  could  it  be  preserved 
from  union  with  radiant  matter,  would  poasess  a  specific 
gravity  nearly  ^th  less,  or  1.010;  and  the  same  volume 
would  weigh,  in  round  numbers,  about  81  grains.  The  rt- 
dBant  matter  in  the  pdes  of  the  oxygen  is  very  free  to  vibrate, 
and  will  be  warm,  and  will  add  something  less  than  ^^gth  to 
the  weight  of  the  oxygen.  The  specific  heat  of  vital  air  must 
itill  be  very  small,  though  greater  than  that  of  oxygen ;  it 
gives  little  interruption  to  the  transmission  of  light,  and  poi- 
aesaea  a  very  small  refractive  or  exclusive  power,  which  might 
be  expected  from  the  form  of  its  particle. 

The  number  of  molecules  in  a  cubic  inch  is  the  same  as  in 
hydrogen ;  hence  the  number  of  particles  is  double.  It  nfight 
be  thought  that  particles,  such  as  those  of  vital  air,  so  heavy 
compared  with  hydrogen,  ought  to  be  more  dense  under  the 
asme  pressure ;  but  their  energy  of  mutual  repulsion  increases 
in  die  same  ratio  as  their  weight,  for  every  atom  added  gives 
Its  repulsive  as  well  as  attractive  fluid  to  the  mass,  and  though 
differences  of  form  might  naturally  produce  small  difTerenccs 
in  the  balancing  of  the  two,  yet  the  force  of  symmetry  be- 
longing to  the  surrounding  radiant  matter  disposes  their 
centres  always  to  occupy  the  same  positions,  so  that  generally 
eqmd  volumes  contain  an  equal  number  of  insulated  particles. 
If  an  excessive  repulsion  or  want  of  buoyancy  render  this 
impossible,  the  law  of  symmetry  demands  that  the  gas  shall 
occupy  every  alternate  cavity,  or  half  or  double  the  nuhil)er 
of  the  first.  The  exceptions  to  this  are  extremely  few,  and 
occur  in  aeriform  bodies,  from  which,  perhaps,  the  radiant 
matter  is  almost  entirely  excluded,  such  as  the  vapour  of  sol- 
jdiuttc  ether. 

The  electrical  state  of  vital  air  is  somewhat  more  quiescent 
thiui  that  of  oxygen,  as  it  has  now,  by  the  aid  of  the  acces- 
sory Atoms,  acquired  a  positive  axis.  Hence  its  demand  for 
Mion  is  Wt  90  vehtoieht.    Many  bodies,  indeed,  winch  have 


944  OF  OXYG£N. 

a  strong  affinity  for  oxygen,  can  decompose  water  more  readi- 
ly than  unite  with  vital  air ;  and  hydrogen  itself  requires  to 
be  aided  by  a  high  temperature,  before  it  can  find  access  to  the 
pole  now  occupied  by  the  atom,  and  resolve  the  whole  into  wa- 
ter. Whether  this  union  is  effected  by  the  departure  of  the 
atom  of  radiant  matter  to  give  place  for  the  hydrogen,  or  by 
an  opening  up  of  the  molecule  of  vital  air  into  two  particles, 
so  that  the  hydrogen  finds  its  way  to  the  naked  poles  before 
covered  in,  it  may  be  difficult  to  determine.  The  latter  seems 
more  probable. 

In  this  way,  it  is  evident  that  any  quantity  of  these  gases 
vital  air  and  hydrogen,  if  mingled  in  due  proportions,  may 
be  wholly  resolved  into  water,  the  radiant  matter  being  disen- 
gaged ^  and  it  is  no  less  evident,  that  the  proportions  required 
are  an  equal  number  of  particles,  or  half  the  number  of  mole- 
cules of  vital  air,  that  is  half  the  volume.  During  the  union 
there  is  evidently  a  very  violent  movement  in  every  particle, 
which  generates  41  violent  state  of  tremor  or  heat,  a  part  of 
which  is  retained  by  the  aqueous  atom,  and  a  part  is  given  off 
to  surrounding  bodies.  Thus,  as  the  capacity  for  entertaining 
calorific  excitement  of  an  aqueous  particle  is  much  greater 
than  one  of  oxygen,  means  are  provided  for  developing  it  at 
the  moment  when  the  water,  with  its  increased  capacity,  is 
generated.  In  cases  of  violent  chemical  action,  luminous  rays 
are  almost  always  instituted  in  the  radiant  medium.  It  is 
evident  that  it  roust  be  thrown  into  a  state  of  excitement 
where  the  action  is  going  on.  Here,  however,  the  light  pro- 
pagated is  less  than  in  many  other  cases,  partly  on  account  of 
the  great  heat  which  is  adverse  to  lumeniferous  propagation, 
as  already  shown,  partly  because  there  is  no  opaque  body 
where  the  action  is  going  on,  to  form  a  base  to  the  rays  of 
light,  and  render  the  flame  visible.  The  most  simple  man- 
ner in  which  hydrogen  and  vital  air  may  be  made  to  exhibit 
their  union  and  the  resultant  water,  is  by  permitting  hydrogen 
to  escape  by  a  small  aperture  into  the  air,  and  heating  the  mat- 
ter around  it  by  bringing  a  flame  into  it  for  a  moment.  The 
jet  assumes  a  spindle  form,  the  axis  being  longer  or  shorter 
aocording  to  the  velocity  of  egteis ;  and  in  the  confines  of  this 
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jel  wiih  the  atmoiphere  the  unioa  takes  place.  The  water 
generated  n  carried  up  as  steam  by  tKe  aaoending  current  of 
airy  which  is  heated  by  proximity  to  the  flame.  The  surfiwe 
<sf  the  hydrogen  bums,  and  this  fiery  stratum  forms  a  aq>- 
aule  to  contain  it,  and  prevent  it  from  dissipation  in  the  air, 
till  it  shall  have  been  burned  by  passing  through. 

The  structure  of  such  a  flame  then,  is  very  beautiful.  The 
iBtemal  part  is  hydrogen,  or  the  combustible  gas  whatever  it 
may  be;  then  there  is  a  stratum  of  burning  gas,  then  one  of 
water  and  vital  air,  then  nitrogen,  and  then  the  atmosphere. 
Sudi  an  arrangement  as  this,  where  so  powerful  a  chemical 
action  is  going  on,  must  evidently  be  in  a  state  of  developed 
gahranism,  the  pomtive  region  bang,  as  in  other  cases,  the 
regioD  of  most  violent  action.  That  such  is  really  the  case, 
bss  been  shewn  by  the  researches  of  M.  Pouillet,  who  found 
die  axis  of  the  flame  negative,  the  peripheral  region  positive, 
and  the  neutral  circle  in  some  intermediate  position. 

Besides  water,  which  is  almost  the  only  product  of  this 
coorinistion,  it  appears  that  some  nitrogen  is  always  generated, 
—41  result  which  is  only  to  be  expected,  as  will  fully  appear 
when  treating  of  that  body. 

If  vital  air  could  be  compressed  with  sufficient  violence, 
water  would  also  be  generated  as  well  as  by  combustion  with 
hydrogen.  By  the  first  stroke,  were  the  atoms  on  the  poles 
ct  all  the  particles  brought  near  enough  to  unite  in  pairs,  and 
constitute  a  particle  of  hydrogen,  half  the  volume  of  vital 
air  would  condense  as  water.  By  the  second  stroke,  which 
ought  not  to  be  repeated  till  the  residuary  oxygen  has  be- 
come provided  with  radiant  matter  again,  the  half  would 
again  be  converted  into  water,  and  thus  any  quantity  less 
than  the  whole  of  a  volume  of  vital  air,  might  ultimately  be 
converted  into  water. 

Though  vital  air  exists  abundantly  in  the  air  which  we 
breathe,  yet  it  cannot  be  directly  extracted  and  insulated 
from  this  source,  for  the  purposes  of  experiment.  It  is  al- 
ways procured  from  some  body,  in  which  cither  oxygen  or 
vital  air  exists  in  such  a  state  of  easy  combination,  that  it  may 
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I)l^,dJ8eiigaged.  by  heat,  or  a  superior  affijuty.  It  is  inTisible^ 
apd;d^tute  of  t|i^  md  smell.  Combustible  bpcUes  intro- 
duced: iK^tp  it  when,  hot,  bprn  with  ^eat  vehemence,  uniting 
ff^tl^  it,  and  d^ge^ieriiating  into,  a  calx  or  oxide,  according  to 
tl^^r^gec^es.  Oiid^s  pgs^aess  no  copunpn  properties.  They 
are  sometime,  a^idf  at  other  tim^s.  alkaline,  and  soine  are 
Gj79tallf|9fi^  and  oth^r^.  a^form.  Cl^enucal  substances  have 
i)9C^V^ttheir  nap^e^.  in  a  great  measqre  froai  their  relation  to 
Q^yg^p,  b^t  it  is  thfe.  natural  use  of  language;  to  name  bodies 
fi9)ii}.8(une^char^ict(e|:i8t](r.prop^r^  aad,  though  the  multitude 
of.orgapiz^  spf^cj^inay  repdqr  generic  and ^peg£c  distinctions 
i|^Qe3i99ry  in  zodqgy  and  botany,  yettfiere  is  .not  the  same  ur« 
gi^ncy.foc  tbeie  r^^emeofs  in  chemistry.  It  is  to  be  regret- 
ted .that,  the  nap^  givcsi  by.  the  fathers  of,  the  sdenc^  are  sp^ 
cjpmpletely  forgotten ;  for  it  is  pot  right,  without  spme  good 
excuse,  to.change  aiumie  which  has  been  g^vep.by  any  one 
to  the  substance  which  he.ha^  disopvered  or  first  desc]ribed« 
Nomenclature  of  bodies,  foundefl  upon  the  products  of  their 
4istUlctioiA.  or,  analysis,  n^q^ti  constantly  change  with .  the  pro* 
gr^  of  the  science,  and,  at  best,  can  only  remind  us  of  cer- 
tain chemical,  not  natural,  properties  which  they  pqssess. 

Vital  air  is  essential  to  respiration,  but  these  phenomena 
wjillbe  treated  of  afterwards  with  more  propriety,  under  Car- 
bon. Most  other  gaseous  bodies,  when  breathed,  speedily 
occasion  disorganization,  even  though,  vital  air  enter  the 
lungs  at  the  same  time.  But  nothing  can  supply  the  want  of 
vital  air.  Withqut  it  suffocation  sooner  or  later  is  induced* 
Neither  can  plants  exist  in  regions  from  which  it  is  excl^ded. 
It  is  the  cup  in  which  light  is  handed  to  sustain  the,  functions 
of  life,  and  from  the  simplest  plants  to  the  pulsation  of  our 
heart,  all  is  dependent  on  the  presence  of  vital  air.  As  already 
mentioned,  it  constitutes  rather  more  than  one-fifth  of  the  at* 
mosphere.  It  is  absorbed  by  w^ter  in  very  considerable  quan- 
tities, and  is  always  found  wherever  there  is  a  medium  suitable 
for  the  life  of  an  organized  body. 

Ikukwide  qfjfydrpgen. — By  a  peculiar  pipoess^  oxygen  and 
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bydrogen  may  be  reUtned  in  a  slate  of  union,  each  powciMPg 
>t»  speeMe  form,  and  the  tubttaooe  whieh  reaultii  poasesaes  Tery  • 
iatereating  prupertiea.     It  ooosials  of  two  particles  of  oxygen^ 
one  on  each  pole  of  a  particle  of  hydrogen  (Fig.  99) :  heooei 
as  has  been  already  shown,  it  must  possess  the  property  of  dia- 
chavging  colours.     It  also  disorganises  the  skin,  and  thickens 
tko  salhra.     It  is  a  limpid  liquid  of  very  <fifficuk  congehttjoo, 
and,  at  the  temperature  of  \&*  cent  or  &f  Fahr.,  resolves  itself 
into  water  and  vital  air.   It  is  very  interestmg  to  observe,  that, 
though  it  contmns  already  an  excess  of  oxygen,  it  may  become 
•deoxidising  agent,— a  fact  inexplicable  in  any  other  view  of 
the  stmctone  of  oxygen,  than  that  here  given.    When  pie. 
auatd  to  loosely  engaged  oxygen,  such  as  that  in  the  oxides 
of  die  noUe  metals,  the  same  phenomena  ensue  as  if  they 
ware  exposed  to  a  stream  of  hydrogen  gas.     The  oxygen  of 
Che  devtoxide,  in  its  intermediate  state  between  that  of  oxy« 
gcaand  wafer,  is  attracted  to  the  contiguous  oxygen,  and  se» 
paralcd  as  particles  of  hydrogen.     Thus,  water  is  formed  by 
d»  aid  of  the  oxygen  of  the  oxide,  in  sets  of  five  particles  for 
«v«ry  particle  of  oxygen  in  the  dcutoxide  whose  conversion  into 
hydrogen  takes  place.     It  is  to  be  remarked,  that  a  particle 
of  this  substance  is  that  which  would  result,  were  a  molecule 
of  vital  air  to  be  reversed,  and  the  two  atoms  of  radiant 
oMtter  to  unite.     It  is  not  impossible,  then,  that  it  may  be 
generated  in  a  sunbeam  ;  and  to  this  partly,  perhaps,  and  in 
some  instances,  the  scJar  ray  may  owe  its  bleaching  properties. 
Deutoxide  of  hydrogen  has  been  very  rarely  produced  in  the 
laboratory;  it  owes  its  discovery  to  the  genius  of  M.  Thenard 
The  phenomena  which  it  exhibits  are  perfectly  inexplicable 
on  the  common  chemical  hypotheses. 
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It  has  been  already  shewn,  that  when  oxygen  and  hydro- 
gen are  placed  in  each  other^s  vicinity,  and  in  a  state  of  natural 
ebdiical  equilibrium,  water  is  immediately  foimed.    The 
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deoOmposition  of  water  od  the  great  scale,  is  therefore  dif- 
ficult, for  the  nascent  gases,  immediately  when  removed  from 
the  decomposing  focus,  unite  again  and   reproduce  water. 
Hence  there  might  be  very  powerful  decompositions  of  water 
into  oxygen  and  hydrogen,  at  depths  of  the  ocean,  and  no 
elastic  matter  escape  at  the  surface,  were  water  subject  only 
to  decomposition  into  oxygen  and  hydrogen.    For  preserving 
the  oxygen  which  has  been  developed,  it  b  necessary  that 
both  its  poles  be  covered,  and  the  access  o(  hydrogen  prevented. 
Now,  if  we  conader  the  structure  of  a  particle  of  water,  we 
must  expect,  that,  though  it  be  chiefly  decomposed  into  oxy- 
gen and  hydrogen,  another  form  may  frequently  result  from 
the  five  particles  of  hydrogen  left  by  the  departure  of  the 
sixth.     Such,  indeed,  must  always  be  the  case  when  a  par* 
dele  of  hydrogen  is  driven  out  from  the  centre  of  the  particle 
of  water.   But  other  accidents,  such  as  an  aversion  in  the  me- 
dium to  the  development  of  negative  forms,  may  produce  the 
evolution  of  the  same  form,  which  is  much  less  negative  than 
oxygen.   Suppose,  by  a  violent  oumpressimi  in  the  direction  of 
the  equator,  that  a  particle  of  hydrogen  is  driven  in  towards 
the  centre,  its  presence  there  forms  a  mechanical  obstacle  to 
the  evolution  of  the  form  of  oxygen^  and  the  five  remaining 
particles  are  under  the  necessity  of  uniting  by  their  apices, 
and  a  form  (Fig.  12)  results,  possessing  symmetry  enough  to 
exist  for  some  time.     This  is  a  particle  of  nitrogen. 

To  become  symmetrical,  this  body  must  either  disengage 
the  five  atoms  of  matter  which  project  from  one  side,  so  as 
to  give  rise  to  the  form  (Fig.  4),  or  provide  itself  with  other 
five  to  the  other  side,  so  as  to  give  rise  to  the  form  (Fig.  7). 
We  may  suppose  that  one  will  do  the  first,  and  another  con- 
tiguous serve  itself  with  the  atoms  which  the  first  has  set  free^ 
and  thus  from  two  of  the  unsymmetrical  forms  (Fig.  12),  there 
result  two  symmetrical  ones,  (Figs.  4  and  7).  But  should 
two  of  the  unsymmetrical  bodies  (Fig.  1 2.)  meet,  it  is  evident 
that  they  can  unite  together,  and  a  beautiful,  highly  symme- 
trical, and  quiescent  form,  results  (Fig.  14).  Such  are  the 
fiorms,  together  with  oxygen  and  hydrogen,  which  are  most 
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ioMMdiateiy  derived  from  the  deoompoMtion  of  water ;  and 
that  fucfa  deoompoMtion  must  take  place  abundantly  in  the 
ocean,  both  on  its  confines  with  its  own  basin  and|the  sunbeam, 
we  can  scarcdy  doubt. 

The  two  small  forms  (Figs.  4  and  7),  as  will  be  afterwards 
shewn,  continue  in  the  ocean,  but  the  large  symmetrical  one 
(Fig.  14)  is  aeriform  ;  it  is  evident  that  its  poles  are  confor- 
mable to  those  of  oxygen ;  and  if  two  such  contain  a  particle 
of  oxygen  between  them  (Fig.  40),  it  will  be  secure  from  the 
access  of  hydrogen,  and  the  whole  may  emerge  at  the  surface. 
Its  axis,  however,  where  a  more  advantageous  union  is  aiTorded 
to  the  oxygen,  will  subdivide,  and,  at  the  surface,  each  mole- 
cule will  separate  into  three  parts,  from  which  will  result  one 
partade  of  vital  air«  (now  occupying  the  centre  as  oxygen),  and 
two  molecules  of  nitrogen,  or  one  binate  molecule,  or  volume 
of  Tital  air,  and  four  of  nitrogen.  Now,  this  is  the  known 
oompofition  of  the  atmosphere. 

We  are  thus  introduced  to  another  body  composed  of  hy- 
ilrogen,  which,  though  itself  is  somewhat  inert  and  uninterest- 
ing; yet  consists  of  two  particles  locked  up,  which,  individually 
presented  to  other  bodies,  possess  very  great  chemical  acti- 
vity.    The  atomic  weight  of  a  particle  of  nitrogen  is  10. 
It  is,  therefore,  five  times  the  atomic  weight  of  hydrogen, 
and   this  has  been   already  assigned    as  its  atomic   weight 
by  Dalton.  *     Its  specific  heat  must  be  considerable,  but, 
like  oxygen,  iu  properties  are  unknown,  as  its  particles  in- 
stantly  on  the  nascent  state,  unite  face  to  face,  and  constitute 
a  wiolecule  of  nitrogen,  whose  atomic  weight  is  consequently 
90,  or  double  that  of  a  particle. 

The  gas  composed  of  binate  molecules  of  nitrogen  is  in- 
visiUe  and  tasteless.     Its  specific  heat  is  said  to  be  rather 

*  The  atomic  weights  of  nitrogen  by  Bcrzeliun,  Woliaston,  and  Thorn, 
ton,  when  transferred  from  vital  air  considered  as  10  to  oxygen,  and  thus 
to  correspond  to  the  atomic  ratios  of  this  work,  gives, 

Berzelius,        9.750  \ 
Wollaston,       9.6ift  V      X  % 
Thomson,        9.836  J 
True  weight,  10.000 
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greater  than  that  of  vital  air,  as  we  should  expect ;  its  tmg^ 
nitude  is  nearly  the  same  as  a  molecule  of  vital  air ;  its  atomic 
refractive  power  is  considerably  greater.    The  specific  gravity 
and  weight  of  100  cubic  inches  must,  consequently,  be  less 
than  that  of  the  same  volume  of  oxygen  (vital  air  deprived 
of  radiant  matter);  and,  accordingly,  instead  of  1.010,  or 
that  of  oxygen,  the  specific  gravity  of  nitrogen  is  found  to  be 
about  .973 ;  and,  therefore,  instead  of  about  81   grains  to 
100  inches,  that  volume  of  nitrogen  is  found  to  weigh  about 
S9»76  grains.     But,  when  we  consider  that  no  two  chemists 
ever  found  a  volume  of  the  same  gas  to  possess  the  same 
weight,  we  will  almost  cease  to  be  curious  about  small  frac-: 
tions  of  grains.    In  this  gas,  indeed,  the  wights  assigned  are 
very  uniform ;  and,  besides,  nitrogen,  common  air,  carborac 
oxide,  and  carbonic  acid,  ought  to  give  uniform  results,  in  as 
far  as  their  own  structure  is  concerned  ;  but  when  the  action 
of  the  gas  upon  the  radiant  medium  is  considerablei,  as  in  the 
case  of  the  compounds  of  carbon,  sulphur,  phosphorus,  and 
cMorine,  with<  hydrogen,  the  weights  are  very  variable  at  dif- 
ferent  times  and  placesy  and  in  the  hands  of  different  mani^ 
pulators. 

Nitrogen  is  not  only  developed  in  the  inorganic  kingdom 
by  the  decomposition  of'  water ;  it  is  an  abundant  product  of 
animal  assimilation.     While  it  remains  in  the  organization 
of  animals,  however,  there  is  every  reason  to  believe  that  it 
exists  in  a  solid  state,  or  as  an  icosaedron  (Fig.  13)  ;  and  if 
so^  the  icosaedron  may  be  regarded  as  the  characteristic  form 
of  the.  animal  structure,  as  the  decaedron  (Fig.  4),  after- 
wards to  be  illustrated,  is  of  the  vegetable.     Carnivorous 
animals  receive  it  into  their  bodies  as  an  ingredient  in  their 
food,  but  a  greater  quantity  is  found  in  the  blood  of  the  ox  than 
in  that  of  man,  though  the  former  is  not  known  to  consume  any 
nitrogen  at  all.     It  is  true,  that,  at  every  respiration,  a  large 
quanUty  descends  by  the  windpipe,  though  not  the  gullet ; 
but  whether  absorption  ti^  place  in  the  lungs  or  not,  there 
is  positive  evidence  that  as  jnuch,  or  more,  nitrogen  is  given 
out,  than  is  inhaled.     In  these  organs,  indeed,  the  assimila- 
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tim^wfit^^  oc  its  equivalent  bydrogei^  into  nilrpgen,  b. 
■qqiewhat  distinctly  intimated.  The  lungs  are,  by  their 
natural  organixauon,  oonfonned  to  a  mixture  of'  vital  air  and) 
nitrpgen;  and  w)ien  thU  natural  state  is  destroyed,  tbeic 
action  tends  to  restore  it.  Thus,  Messrs  Allen  and  Pepya 
coofined  a  guinea-pig  in  an  atmosphere  of  vital  air,  and  tha 
residuary  atmosphere  was  found  to  contain  a  volume  of 
niliogen  larger  than  the  animal^s  own  body.  In  another  ex* 
periment,  they  confined  it  in  on  atmosphere  composed  of  5U 
parts  vital  air,  and  79  hydrogen  :  the  result  was  the  same  as 
be^are^  but  tke  appearance  of  the  nitrogen  was  arcorepanifd 
wiA  the  disappearance  of  a  quantity  of  the  hydrogen.  It  jm. 
iM;ver.s^&  to  judge  of  thf^  healthy  functions  of  an  orgam  by 
pladng  it  in  circumstances  where  a  diseased  or  unnatural 
action  is  demanded ;  but  all  experiments  are  adverse  to  the 
ofmioo,  that  any  quantity  of  the  nitrogen,  so  abundant  in 
animal  bodies,  can  b^  derived  from  the  air.  The  experi- 
ments of  Dr  Edwards  even  prove,  that  animals  give  out 
more  than  they  inhale,  and  that  chie6y  at  the  fattening  time 
of  the  year,  as  if  an  excess  generated  from  the  food  eaten, 
found  an  exit  from  the  lungs  in  a  manner  analogous  to  carbon. 
The  growth  of  fishes  is  sometimes  amazingly  rapid,  while 
their  respiration  is  very  inconsiderable. 

These  facts,  and  others  afterwards  to  be  mentioned,  con- 
nected with  the  voltaic  decomposition  of  ammonia^  have  iiv 
duced  some  chemists  to  regard  nitrogen  as  a  more  compound 
body  than  oxygen ;  but  under  the  electric  discharge  it  suffers 
no  more  change  than  the  other.  Indeed,  we  should  expept 
that  hydrogen  and  nitrogen  are  the  two  gases  into  which 
others  should  be  resolved  in  such  a  process,  rather  than  thai 
they  should  suffer  change;  and  perhaps  means  may  yet  be 
discovered  for  converting  oxygen  and  nitrogen  into  each  other. 
There  seems  no  reason  why  an  electric  shock,  which  is  chiefly 
ttusmitted  along  the  radiant  medium,  should  injure  either  of 
them.  But  time,  and  the  sunbeam  made  to  act  upoa  bodies 
in  certain  unnatural  electrical  states  sustained  during  the  whole 
experiment,  might  probably  effect  many  of  those  changes 
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which  are  alluded  to ;  and  from  many  gases,  perhaps  the  same 
residuary  matter  might  be  obtained,  consisting  of  water;  or 
that  aeriform  body  whose  symmetry  and  electrical  state  are 
most  perfect,  and  whose  aptitude  for  the  aeriform  state  the 
greatest,  with  such  an  admixture  of  some  other  gas  as  might 
raider  the  electrical  state  of  the  resulting  volume  perfectly 
neutral  and  quiescent,  after  which,  there  would  be  no  change^ 
that  is,  a  quantity  of  nitrogen,  with  a  certain  determinate 
mixture  of  oxygen— or  common  air. 

Comimcn  Air. — ^The  elastic  fluid  which  surrounds  us,  des- 
cending into  our  lungs  during  respiration,  and  producing  the 
sensation  of  pressure  when  it  blows  upon  us,  is  a  mixture  of 
nitrogen  and  vital  air,  in  the  proportions  of  four  binate  mole- 
cules of  the  former,  to  one  binate  molecule  of  the  latter. 
There  are  also  small  quantities  of  other  aeriform  bodies 
present,  such  as  aqueous  v^x)ur,  and  fixed  air ;  but  the  me- 
dium around  us  is  chiefly  constituted  of  the  radiant  medium  or 
light,  of  vital  air,  and  nitrogen  gas.  Were  both  these  gases 
equally  buoyant  when  mingled,  their  volumes  ought  to  be,  in 
100  measures,  80  of  nitrogen  and  20  of  vital  air.  It  appears, 
however,  that  the  vital  air  is,  when  mingled  with  nitrogen, 
a  little  less  dense  than  the  other,  so  that  it  occupies  a  larger 
space.  Those  admirable  men.  Cavendish,  Davy,  Gay-Lussac, 
Humboldt,  BerthoUet,  and  Berzelius,  examined  air  from 
En^asd,  France,  Africa,  Egypt,  and  a  height  equal  to  the 
summits  of  the  Himabyas,  and  constantly  found  79  of  nitru- 
gen,  and  9\  of  vital  air ;  mm  has  any  observer  ever  found  the 
quantity  of  nitrogen  to  amount  to  80  measures  in  100.  In 
the  nascent  state,  before  the  oxygen  has  acquired  its  radiant 
matter,  probably  the  proportions  are  accurately  4  and  1, 
and,  in  general  terms,  they  may  be  so  stated. 

According  to  the  weights  of  nitrogen  and  vital  lur  already 
given,  100  cubic  inches  of  common  air  ought  to  weigh 
^»76X70)4- (34x21) _ gp g    jj  |,^ commonly  been  estimated 

at  80.5,  as  found  by  Sir  Greoi^e  Shuchburgh  and  Rice.     But 
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Bnnde^  in  most  careful  experimentiy  fiNmd  it,  in  Loodoo, 
only  flai99;  Sir  H.  Davy  found  it  80.78 ;  Kirwan,  80.9f ; 
anid  it  hm  been  latdy  announced  that  Prout  finds  it  81  grains 
at  least    Thus,  the  best  chemists  find  that  medium  in  which 
all  others  are  weighed,  to  vary  nearly  a  grain  in  81,  which 
aflsoonts  to  the  whole  weight  of  100  inches  in  two  cubic  feet 
An  integrant  volume  consists  of  four  molecules  of  nitrogen, 
and  one  of  vital  air,  and  its  atomic  weight  is  (SO  X  4)  -f 
SS  s=s  108.    To  find  the  atomic  weight  corresponding  to  an 
imapnary  particle  of  air,  then,  whose  volume  is  constituted 
of  parts  equidistant  with  those  of  common  air  and  most  gases, 
we  may  divide  this  number  by  five,  the  number  of  particles 
implied  in  it    This  gives  90.4 ;  and  when  the  atomic  weight 
of  any  afiriform  body  of  equal  density,  and  in*\he  same  dr. 
cumstanoes  as  to  the  radiant  medium  and  specific  heat,  is  di- 
vided by  this  number,  its  specific  gravity  is  expressed. 

The  quantity  of  air  around  theearth  is  so  great,  that  every 
square  inch  of  surface  at  the  level  of  the  sea  is  prpswd  1^ 
a  weight  of  about  16  lb.  which  is  the  weight  of  an  atrial 
column  of  this  diameter,  reaching  from  the  level  of  the  sea  to 
the  top  of  the  atmosphere.     This  elastic  medium  not  only 
compresses  the  surfaces  of  other  bcxlies  ;  but,  in  consequence 
of  its  yielding  nature,  the  superior  strata  compress  the  in- 
ferior ;  so  tliat,  in  all  habitable  regions,  it  exists  in  a  state  of 
great  constraint  and  compression.     As  we  ascend,  this  com- 
pressed state  gradually  diminishes,  in  a  geometrical  progression, 
till,  at  the  top  of  the  atmosphere,  the  air  possesses  its  true 
density  and  symmetry,  and  is  analogous,  in  its  structure,  to  a 
crystalline  body.    The  weight  of  the  aerial  column  is  ascertain- 
ed by  a  balance  of  a  peculiar  kind,  which  consists  of  a  vertical 
tube,  containing  mercury  with  a  Torricellian  vacuum  at  top 
Into  this  region  the  mercury  is  pressed  up  as  far  as  the  air  with-* 
out  is  able  to  effect,  and  the  length  of  the  column,  or  its  weight 
in  a  vertical  line,  is  a  measure  of  the  existing  weight  of  the  air. 
This  length  is,  on  an  average,  about  S0.7,  or  SO  inches,  rnd 
the  latter  is  usually  assumed  as  the  mean  pressure.     But  it  is 
found  not  to  be  uniform  at  the  same  level  at  difierent  times ; 
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thiis  indicatiDg  yariiitioiM  in  the  weight  of  the  inciimbent 
atmoBpbere.  It  is  ^^tsy  to  see  whence  these  VaHat&^ns  in 
ddnsi^  of  the  atmosphere  may  arise.  The  comfidon  6f  the 
tolid'Strata  beneath-^^the  mixture  of  aqueotis  vapbdr,-— ^he  in- 
tensity of  the  terrestrial  magnetism, — the  condition  ^f  ihe 
earth'^s  surfiwe  as  to  snow,  rtun,  orTegetabkcoyering,-^— ereiy 
change  mlist  induce  a  diange  in  the  dectrical  state  of  the«air, 
and  this^tHust  produce  a  corresponding  change  in  the  mdtual 
'repulsion,  or  a  decrease  or  increase  of  density  in  the  particles 
(Qooupying  the  region  aflRected.  Hence  it  is  always  found,  that, 
^previous  to  hurricanesand  electric  storms,  the  mercury  is  Idw- 
-<eM,'lhe  mutual  repulsion  being  then  greatest,  and  the  density 
ahd  waght  of  the  mass  over  the  1>arometer  kast  It  may  be 
ako,  for  any  thing  that  can  be  affirmed  to  the  contrary,  that 
the  eleotricid  excitements  of  the  aSrial  particles  may  diminish 
their  attractive  energy,  and,  consequently,  their  gravitation 
and  weight.  In  both  cases,  however,  an  expanded  state  of 
the  air  is  the  cause  of  l9ie  fall  of  the  barometer.  The  ad- 
'Bltttture  of  aqueous  vajpour,  whose  electrical  powers  hlive  been 
already  described,  is  the  tbost  dsual  cause  of  depression  in  our 
climates.  Hence  the  mercurial  column  is  our  most  valuable 
weather-glass,  for,  as  a  storm  is  the  natural  process  for  re- 
storing  the  electrical  equilibrium,  when  it  has  been  destroyed 
a  storm  may  be  expected ;  hence  the  fall  of  the  barometer 
presages  storms. 

The  variations  in  dennty  of  common  aar  are  not  confined 
in  the  laboratory  to  those  indicated  by  the  oscillations  of  the 
barometer.  It  is  possible,  by  means  of  the  air-pmnp,  to  re- 
move all  sensible  atmospherical  pressure  from  the  interior  of 
a  vessd,  and  to  reduce  the  included  air  almost  to  the  de- 
gree of  rarity  which  exists  at  the  top  of  the  atmosphere. 
There  are  many  forms  of  this  instrument,  but  none  appears 
to  me  to  possess  so  many  advantages  as  the  following  which  I 
hive  contrived.  The  kindness  of  the  Reverend  George  Buist 
enaUes  me  to  attach  to  it  a  system  c^  wheels  invented  by  him, 
which  is  a  very  beautiful  accession  to  the 'otkfer  means  already 
known  for  changing  a  redprocating  hfttb  ti  tontinn^  hMMiMry 
motion. 
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tom and  the  b«Jlow  tube,  and  is  filling  the  Taciium  beneath  the 
jaitoa.  It  ia  alao  ewaiping  from  above  the  piaton  into  the  dir, 
bj  the  conical  valve  in  (he  lid,  and  no  otherwise.  When  the 
piston  descends,  the  first  dTeet  is  to  press  the  hollow  tube  «» 
d»  bottom  ;  ftv  the  friction  against  die  leathers  in  the  pistati 
wfaidi  act  as  a  stufflng-box  to  the  hollow  tube,  are  qidUe  ads- 
qnate  to  this.  Tbeoirbeneatt)  tbepistoncminowescapeoidjby 
the  valve  in  the  piston,  and  the  bGnoftbepistaD-rod,  iittotlie 
atmoepbere.  But  all  the  while  that  the  piMon  is  deacending, 
the  air  from  the  reoemr  is  rushing  throogh  the  boUtfw  tube, 
ami  eM^ring  into  the  vacuum  abore  the  piston,  to  be  agllta 
•xpcUad  dnrii^  the  ascent,  by  the  vahv  tn  the  eover.  Thus 
ooe  cylinder  performs  the  worii  of  two.  The  air  hi  the  M- 
low  tube  sufiers  equal  rarsAKtion  with  that  in  the  iceeiwr ; 
and  when  the  piston  it  at  top  and  bottein,  ihete  are  no  eavMea 
■  wfakhmrc/  aoHpRMed  denaty  fiu  be  lodged.  Tiiemb- 
IHB  flf  die  Mck-wart  ii  apparent  on  iBipedrian. 
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The  changes  which  are  induced  upon  bodies,  by  removing 
the  pressure  from  them,  are  very  interesting,  and  their  tendency 
to  assume  a  state  of  greater  rarity  is  very  remarkable.  Water 
boils  at  a  much  lower  degree  of  heat  than  in  the  air,  and  many 
liquids  of  a  volatile  nature  become  permanently  aeriform  at 
common  temperatures.  Water  retains  a  much  greater  quan- 
tity of  saline  matter  without  depoating  crystals,  and  soUd 
bodies  may  be  very  thoroughly  freed  from  their  accidental 
water,  in  consequence  of  its  tendency  to  assume  the  aeriform 
state,  if  the  vacuum  be  kept  dry. 

The  altitude  at  which  the  gaseous  atmosphere  terminates 
cannot  be  ascertuned.  But,  if  we  suppose  that  it  is  even  50 
miles  above  the  earth^s  surface,  as  compared  with  the  diame- 
ter of  the  world,  such  an  altitude  would  oa\y  give  an  aerial 
film  round  a  twelve-inch  globe  less  than  a  line  deep,  and  the 
dense  refracting  parts  being  chiefly  confined  to  within  three 
miles  of  the  earth'^s  surface,  would,  if  viewed  from  no  great 
distance,  be  nothing  more  than  a  fihn  coinddent  with  the 
earth^s  surface,  or  the  limb  of  its  disk.  Our  atmosphere,  then, 
cannot  be  regarded  as  a  telescopic  feature  in  our  globe,  nor 
is  it  safe  to  conclude,  that  other  planetary  bodies  are  desti- 
tute of  an  atmosphere,  even  though  it  should  be  invisible  to 
us. 

In  considering  the  natural  history  of  the  atmosphere,  in 
relation  to  its  physical  phenomena,  we  must  never  forget  the 
radiant  matter  with  which  it  is  interlaced.  In  consequence 
of  this  structure,  its  heat  must  be  chiefly  derived  from  the 
opaque  surface  beneath,  which  intercepts  the  solar  rays,  for 
as  they  are  continuous  through  the  atmosphere,  at  least,  till 
after  reflection,  they  do  not  impinge  upon  the  particles  of  air, 
so  as  to  warm  them.  The  chief  source  of  the  warmth  of  the 
air,  is  therefore  contact  with  the  earth^s  surface ;  and  the  heat 
developed  there,  is  difiiised  through  the  mass,  according  to 
the  manner  of  liquids,  by  an  ascent  of  the  warmed  particles^ 
in  consequence  of  the  specific  lightness  resulting  from  their 
expanded  and  heated  state.  These  ascending  particles  inter- 
fere with  the  descending  ones,  and  the  radiant  matter,  either 
from  this  cause,  or  because  of  its  own  heat,  sufTars  in  very 
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hot  places  some  loss  of  symmetry ;  henoe,  over  a  hoi  surfkoei 
a  tremulous  transparent  movement  is  observed  in  the  air. 
These  heated  aerial  particles,  as  they  ascend,  do  not  perhaps 
become  rapidly  colder,  but  the  mass  of  the  atmosphere  itself 
must  decrease  rapidly  in  temperature  or  ability  to  warm 
other  bodies.  For  the  quantity  of  heat  in  any  volume  is  pro* 
portiooal  to  the  number  of  hot  particles  in  that  volume ;  hence, 
as  the  air  becomes  rare,  it  must  become  cold.  But  another 
cause  contributes  to  the  same  effect,  for  the  capacity  of  ooaw 
pressed  air  for  sustaining  calorific  excitement,  must  be  less 
than  that  of  rare  air.  A  particle,  in  a  compressed  state,  if  it 
possess  a  certain  quantity  of  heat,  may  be  necessitated  to  pari 
with  it,  and,  consequently,  to  warm  another  body,  though  in 
an  uncompressed  state  it  be  able  to  entertain  all  that  quan- 
tjty. 

That  the  coldness  of  the  superior  strata  is  great  compared 
with  those  near  the  carth^s  surface,  has  been  long  known  and 
justly  ascribed  to  the  increased  capacity  of  rare  air  tor  heat. 
The  mean  temperature  has  been  found  to  fall  off*  so  rapidly, 
that,  at  the  height  of  about  15,000  feet  even  on  the  equa- 
tor, water  can  only  exist  in  the  solid  form.  At  the  latitude 
of  45%  the  lower  confines  of  this  region  of  perpetual  snow 
terminate  at  about  half  this  altitude,  and  approach  to  the 
level  of  the  sea  towards  the  poles.  Were  our  globe  covered 
with  a  shell  of  snow  at  its  natural  elevation,  it  would  possess 
the  form  of  a  sphere  drawn  out  into  points  at  the  {X)les,  for 
the  snow-line  is  represented  by  a  curve,  whose  ordiuates  vary 
rapidly  in  middle  latitudes,  but  very  slowly  in  polar  regions. 

The  structure  of  the  air  in  relation  to  tem[)erature,  is  the 
cause  of  regular  and  permanent  winds,  though  no  doubt  winds 
tend  to  sustain  themselves  in  many  cases,  by  the  electrical 
development  which  they  occasion  when  once  excited.  Their 
utility  in  the  economy  of  the  world  is  very  great,  equalizing 
the  temperature  of  regions  une([ually  exposed  to  the  sun- 
beams, aiding  the  evaporation  of  water,  changing  and  puri- 
fying the  air,  which  stagnates  over  any  region,  and  facilitate 
ing  communication  between  distant  lands. 

a 
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Thougli,  as  has  been  stated,  the  specific  heat  of  compress- 
ed air  is  less  than  that  of  rare  air,  yet,  in  all  states,  aSriform 
bodies  have  a  great  specific  heat,  and,. when  they  are  com- 
pressed, there  must  be  a  great  development  of  temperature. 
The  air,  then,  heated  where  the  influence  of  the  sun  is  great- 
est, must  be  very  warm,  and  might  be  used  to  warm  the  polar 
r^ons,  could  it  be  prevented  from  parting  with  its  heat  dur- 
ing its  passage  north  and  south.  But  if  it  were  carried  along 
the  surface  of  the  earth,  it  is  evident,  that,  for  every  degree 
that  it  changed  its  latitude  in  both  hemispheres,  it  would  be- 
come rapidly  colder,  and  would  speedily  be  assimilated  in 
temperature  to  the  climate  through  which  it  was  proceeding. 
That  it  might  be  conveyed  to  great  disti^nces  in  the  warmed 
states  it  becomes  necessary  that  it  should  be  removed  from 
the  earth^s  surface  which  cools  it,  and  be  rarified,  that  its  ca- 
padty  for  sustaining  its  state  of  heat  into  which  it  is  thrown 
at  the  surface  of  the  earth  may  be  greater. 

Now,  it  has  been  already  shewn,  that  when  air  is  heated  it 
ascends,  and  that  a  quantity  of  warm  lur  occupies  a  larger 
volume  than  the  same  quantity  of  cold  air.  If,  then,  we  con- 
ceive the  parallels  of  latitude  to  be  raised  up  into  walls  which 
reach  a  little  beyond  the  top  of  the  atmosphere,  when  it  is  all 
equally  cold,  and  the  sunbeams  then  to  play  upon  the  Earth, 
it  is  evident  that  the  zones  of  air  included  between  the  equato- 
rial walls  will,  in  consequence  of  their  expansion  l^the  greater 
heat  to  which  they  are  exposed,  be  loftier  than  the  polar 
zones ;  nor  will  the  case  be  altered,  though  we  suppose  the 
walls  to  be  jperforated  beneath,  so  as  to  admit  of  a  free  lateral 
communication  between  the  zones  of  air  formerly  represent- 
ed as  insulated.  All  had  originaUy  the  same  weight,  and, 
therefore,  they  will  continue  to  balance  each  other,  for  we 
need  not  take  into  account  the  actual  loss  of  weight  which 
woiild  be  sustuned  by  the  partideSy  in  consequence  of  their 
greater  heat  diminishing  their  attractive  energy.  Suppose, 
now,  that  the  tops  of  the  walls  which  confined  the  diflbrent 
zones  in  their  places  were  removed,  it  is  evident  that,  like 
any  other  fluids  the  equatorial  air  would  flow  over  on  both 
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flidet  towards  the  poles.  But  a  column  could  not  thortM« 
whboiit.  its  ireigiit  at  the  sane  lime  fesseniugv  «mH  ooailh 
quentlgr)  the  mhhom  the.fiolar  regions,  which  stiN  rvtaioa^U 
ks  wdghti  would  fall  down,  anci,  rushing  througb'tbe  apetluids 
of  ktenl  oommunication,  would  cause  a  north  and*  MWlll 
wind  at  the  surfiuse  of  the  earth  ;  and  thus  two  iortioes^' 
in  each  bemisphere^i  would  be  established,  which  would 
time  as  long  as  the^sun  shone.  The  movements  would  be 
the  same,  though  there  were  no  such  walls  as  have  been  imb- 
gnied  to  facilitate  the  conoepiion  of  the  phenomena,  nor  any 
other  .state  than  that  which  exists  in  nature.  For  the  pinv 
poses  of  studying  such  a  vortex  in  a  fluid,  produced  by  adiC> 
ftreooe  of  temperature,  it  is  only  necessary  to  light  a  eaade 
with  '•small  wick,  and  of  a  very  fluid  material,  such  as  speiu 
macflti»  and,  when  the  matter  surroundii^  the  wick  is  melted, 
the  movement  will  begin,  and  be  sustained  in  a  very  beautiftil 
manner.  It  b  similar  to  that  whicii  has  been  assigned  to  an 
oblate  or  electro-negative  molecule,  Fig.  19* 
'  The  vortex  thBS;anticipated  is  most  beautifully  exhibited  on 
the  surface  of  our  globe,  uKxlified  according  to  ail  the  eowdU 
tioos  of  the  physical  structure  of  its  surface.  The  height  of 
the  atmosphere,  where  dense  enough  to  entertain  currents, 
is  so  inconsiderable,  compared  with  the  distance  between  the 
equator  and  the  poles,  that  this  wind  has  its  polar  confines  in 
latitudes  much  lower  tlian  the  Arctic  Regions.  For  it  is  mere^ 
ly  a  movement  to  restore  equilibrium,  and  all  such  are  eff*ected 
in  nature  according  to  the  principle  of  least  action.  It  is  there^ 
fore  the  disposition  of  the  vortex  to  contract  and  be  contained 
in  as  narrow  a  zone  as  possible.  There  is  another  drcumstanoe, 
too,  which  removes  the  region  between  the  two  vortices  from 
the  terrestrial  equator  to  another  zone.  This  is  the  excess  of 
land  in  the  northern  hemisphere.  The  neutral  region  must 
evidently  be  the  equator  of  greatest  temperature,  and  this 
line  is  considerably  on  the  north  of  the  terrestrial  equator. 
Neither  are  the  directicms  of  the  currents  due  north  and  south, 
for  this  could  only  take  place  if  the  globe  were  at  rest,  or  all 
its  parts  moving  with  equal  velocity,  neither  of  which  is  true 

a8 
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In  consequence  of  the  greater  velocity  of  the  equatorial  re- 
^ons,  the  currents  coming  up  with  a  slower  movement  fix>m 
the  poles  resist  the  earth^s  movement  towards  the  east,  and 
hence  act  upon  the  earth^s  surface  as  winds  blowing  from  the 
north-east  and  south-east  Their  regular  institution  is  to  be 
observed  where  the  surface  has  an  uniform  structure  at  about 
the  latitude  of  SO^,  and  the  region  of  quiescence  or  neutrality 
lies  chiefly  between  the  third  and  fifth  degree  of  north  latitude. 
But  the  perpetual  movement  of  the  air  in  a  direction  pretty 
uniform  at  the  surface  of  the  earthy  is  not  the  only  evidence 
afforded  of  the  existence  of  this  atmospherical  vortex.  In  seve- 
ral regions  within  the  zone  of  the  trade-winds,  clouds  at  great 
devations  are  observed  to  move  uniformly  to  windward,  indica- 
tive of  a  current  where  they  are  in  an  opposite  direction  to 
that  at  the  surface  of  the  earth  ;  and  dust  ejected  from  volca- 
noes has  been  carried  100  miles  against  the  wind.  Nay,  at 
the  top  of  the  Peak  of  Teneriffe,  it  is  said  that  the  supernal 
current  may  be  entered. 

In  middle  latitudes  beyond  the  external  confines  of  the 
trade-winds,  are  variable  winds  modified  by  their  proximity 
to  the  regular  vortex ;  and,  in  the  polar  regions,  the  winds 
are  quite  partial  and  variable,  as  in  the  region  of  the  equator 
of  temperature. 

The  atmosphere  is  agitated  and  set  in  motion  by  other 
causes,  however,  than  a  simple  change  of  temperatiu*e.  Many 
local  winds,  and  especiaUy  such  as  are  of  a  violent  character, 
are  more  usually  determined  by  that  cause  of  dilatation 
which  depresses  the  barometer,  electrical  excitement.  The 
institution  of  local  vortices  to  restore  the  equilibrium  in  such 
cases,  is  generally  very  readily  observed  by  the  movement  of 
the  clouds  in  a  contrary  direction  to  what  the  wind  is  blowing 
at  the  surface  of  the  earth. 

The  unequal  density  of  the  atmosphere  likewise  gives  rise 
to  some  very  interesting  optical  phenomena.  The  course 
of  a  ray  of  light  from  any  heavenly  body^  is  necessarily  not 
straight,  but  bent  towards  the  perpendicular  more  or  less,  ac- 
cording as  it  traverses  a  greater  or  less  quantity  of  air,  vary- 
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ing  npUlj  inckiHity.  At  the  nind  bdJeres  «  bodj  tobe  in 
the  diMMMi  of  die  last  pirt  of  a  ray  of  light  which  enters  it, 
tUi  nttnoiplicffkal  icfraetion  elevates  the  apparent  altitude  of 
all  tiie  heavenly  bodBes  by  a  quantity  which,  at  the  horiaoo 
where  it  is  greatest,  is  equal  to  about  SV^  or  the  (fiameter  of 
the  sun  or  noon.  Henoe  the  disks  of  these  luminaries  an 
soaelinMS  wholly  ▼iribie  when,  geometrically  regarded,  they 
an  set,  or  have  not  yet  surmounted  the  horiaon ;  and  henea^ 
in  Puis  in  17A0,  both  the  sun  and  moon  were  sea  above 
the  horison  at  the  time  of  a  lunar  eclipse,  which,  without  the 
elefaliott  oecasinned  by  atmospherical  refractioo,  had  been 
impossible  Therapidincreaseof  this  refraction  b  also  some- 
dmes  adequate  to  distort  the  forms  of  the  sun  and  moon  in  m 
very  senrible  manner,  by  derating  the  lower  limb  more  than 
the  upper,  and  making  them  seem  gibbous  on  their  bwcr 
region.  This  may  be  often  observed,  when  the  sun  begins  to 
dtacind  among  die  smoke  of  London,  that  part  of  the  disk 
which  is  most  fully  immersed  being  flattened,  as  if  he  met  with 
actoal  resistance  in  penetrating  the  carbonaceous  medium. 
The  same  inflections  of  the  rays  of  light  give  rise  in  certmn 
stales  of  the  air,  to  the  very  singular  phenomena  of  mirage 
and  Fata  Morgana,  in  which  objects  are  elevated,  repeated, 
inverted,  and  distorted  often  in  a  very  beautiful  or  fantasti- 
cal manner. 

The  light  of  the  rainbow  and  of  the  azure  is  always  com- 
pletdy  singled,  the  edges  in  the  former  being  parallel  to  the 
circumference  of  the  cone,  of  which  the  arch  is  the  base,  and 
the  eye  the  apex ;  in  the  latter,  in  two  planes  in  a  direction 
opposite  the  sun,  and  especially  at  great  elevations,  the  light 
is  nngled  with  the  edges  horizontal,  on  the  right  and  left  of 
the  sun  it  is  singled  with  the  edges  vertical,  in  a  direction 
distant  74^  from  the  sunn's  centre.  This  is  the  angle  which 
ought  to  result  if  the  singling  particle  were  water,  with  its 
aids  directed  towards  the  sun ;  and  this,  it  has  been  justly 
remarked,  aiTords  a  very  strong  evidence  that  the  only  aeri« 
form  body  in  the  atmosphere  which  reflects  light  or  becomes 
visible,  is  the  aqueous  vapour.      The  particle  of  nitrogen 
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has  not  opposite  faces  or  edges  on  the  polar  aspects  in  the 
same  plane.  But  if,  as  in  the  case  of  the  aqueous  particle, 
we  produce  an  edge,  and  draw  aperpetidicular  !lo.lbe'<»r- 
responding  face,  the  one  forms  with  ib^  axis  an  angk  of 
00^  and  the  other  SfT"  15' 58"^  the  Tjsaultant  of  which  gives 
¥F9tVB&'.  No  other  can  be  obtained  from  vital  air^  We 
f«und  tlmtyiii:  this,  way,  the.singling' angle 'of'swaier* waft  ob- 
tained; and  the  singUng  angle  of  common  air  observed  is  said 
to  be  46^  or  ^. 
'  ■     *      '-'•'..'*,.'      ■  •     .  , »  . _       . .  ,   i.  ' 

NUrio  Aeidi  Aquqfortts.-^ln  what  combinations  nitrogen 
exists  in  animal  bodies  has  not  yet  been  discovered.  In  the 
atmosphere,'  when  traversed  by  the  eiectrto  disehiurge^  or  .ce>- . 
rident  over  certain  dii^xMing  substances,  the  elements  of  the. 
air  are  apt  to  condense  in  small  quantities^  and  there  results 
a  chemical  compound  of  oxygen  with  a  binate  mcriecule  of  ni- 
trogen (or  atmosfpherical  nitrogen),  which  is  tbe  only  one 
known  to  exist*  All  the  Qtber<  bodies  commonly  recognised 
as  such  seem  to  be  compouadsi  not  of  nitrogen  in  molecules, 
but  in  particles. 

Nitric  acid  is  developed  somewhat  abundantly  in  many  re- 
gions  of  the  earth  where  matter  exists  beside  it,  which  is 
either  potash,  or  easily  convertible  into  this  alkali ;  for  potash 
is  one  of  the  few  bases  with  which  the  nitric  acid  can  form  a 
solid  or  permanent  body.  From  the  very  interesting  salt 
which  results,  named  Nitre,  all  the  nitric  acid  of  chemistry 
and  the  arts  is  produced.  Its  direct  development,  by , treat- 
ing the  air  with  electric  discharges,  is  a  very  laborious  and 
tedious  process,  requiring  such  men  as  Cavendish. 

It  is  evident  that  the  number  of  particles  of  oxygen  proper 
to  a  molecule  of  nitrogen  is  one,  two,  or  five.  The  last  num- 
ber gives  rise  to  the  most  perfect  form,  and  this  is  accord- 
ingly the  number  which  chemists  have  found  in  nitric  acid^*- 
(Fig.  41.)  Its  atomic  weight  is  70,  composed  of  50  oxygen, 
+  20  nitrogen,  which  is  almost  exactly  the  mean  between  the 
detetnination  of  Berthollet  and  those  more  commonly  re- 
ceived.    It  is  one  of  (hose  forms  that  are  calculated  f(Nr  perma- 
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nenl  exittenoe  only  in  a  state  of  uoioa.  Uolev  there  be  tome 
odier  body  attached  to  it,  having  five  prominent  parts  of  op- 
poote  dectricat  affections,  so  as  at  onoe  to  respond  to  its  synw 
aetryy  and  i^tralixe  its  excess  of  negative  electricity,  nitric 
add  cannot  be  expected  to  be  very  permanent.  The  five  par> 
tieki  of  oxygen  are  very  much  within  the  sphere  of  mutual 
nepulsioli,  and  their  poles  quite  naked  to  the  access  of  radiant 
matter  knd  every  combustible  body.  Hence  we  may  readily 
believe  that  it  is  only  the  very  favourable  position  which  they 
may  assume,  and  the  great  symmetry  of  the  resultant  form, 
that  retains  them  in  unison.  There  is  a  want  of  symmetry, 
however,  on  opposite  sides  of  the  equator,  an  accumulation 
of  matter  towards  one  pole.  Hence  a  |K)werful  affinity  is  ex. 
erted  towards  some  neutral  body,  such  as  water,  to  balance  the 


Nitric  acid  cannot  be  preserved  free  from  water;  and  the  just 
number  of  aqueous  particles  necessary  to  hydrate  one  of  add 
is  evidently  five.  Like  the  oxygen,  it  will  be  acoomuKxlated 
around  the  other  pole,  which  has  five  edges.  Now,  it  was  long 
ago  observed  by  Bergmann,  that  weaker  and  stronger  adds  are 
reduced  by  boiimg  to  the  spedfic  gravity  of  1.452 ;  and  that 
add  of  this  strength  was  distinguished  from  all  otiiers  by  pus* 
sessing  an  individuality,  in  virtue  of  which  it  could  be  distUled 
over  unchanged,  requiring  a  very  high  temperature  to  cause 
it  boil.  The  proportions  of  acid  and  water,  in  li({uid  add  of 
this  density,  Mr  Dalton  states  at  54.4  dry  add,  and  45.6 
water  pa*  cent.,  or  70  dry  acid,  and  58.7  water,  which  is  as 
nearly  the  ratio  of  one  particle  of  acid  and  five  of  water  as 
couki  be  wished. 

Nitric  add  is  very  easily  decomposed.  The  action  of  the 
sunbeam  destroys  it,  separating  its  oxygen,  and  giving  rise  to 
vital  air,  or  compounds  of  oxygen  and  nitrogen,  and  along  with 
this  decomposition  there  is  a  development  of  colour.  Henry, 
in  his  very  el^;ant  Elements  of  Chemistry,  says,  ^^  It  becomes 
coloured  by  exposure  to  the  sun^s  light,  passing  first  to  a  straw 
cokMir,  and  then  to  a  deep  orange.  This  effect  is  produced 
by  the  union  of  the  light  of  the  sun  with  oxygen,  in  oonse- 
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quence  of  which  the  proportion  of  the  acidifying  principle  to 
the  nitrogen  is  diminished.'^  Most  combustible  bodies  decom* 
pose  nitric  acid ;  and  many  inflammable  substances,  such  as 
diarcoal  or  essential  oils,  unite  with  violent  combustion.  Its 
taste  is  intensely  sour.  It  stains  the  skin  of  a  permanent 
yellow  colour,  corrodes  the  animal  tissue,  and,  during  dilu- 
tion with  water,  changes  colour,  assuming  different  tints  suc- 
cessively between  pale  yellow  and  bluish  green,  and  disen- 
gaging at  the  same  time  suffocating  fumes. 

The  properties  of  nitrogen  in  particles  are  not  known,  as, 
when  nascent  in  the  free  state,  it  constantly  unites  in  binate 
molecules,  constituting  nitrogen  gas.  The  substances  which 
result  from  the  union  of  nitrogen  in  particles  and  oxygen  are 
very  interesting ;  and  it  is  evident  that  there  may  be  several 
of  these.     None  possesses  more  curious  properties  than 

Intoxicating  Gas. — When  nitrogen  in  particles  and  oxygen 
are  presented  to  each  other  in  the  nascent  state,  in  the  pro- 
portions of  two  particles  of  the  former  to  one  of  the  latter,  an 
invisible  gas  ascends,  which  has  been  called  Nitrous  Oxide, 
Dephlogisticated  or  Nitrous  Air,  or  Intoxicating  Gas.  It  is 
usually  procured  by  exposing  to  the  proper  temperature  ati 
easily  decomposable  salt,  named  Nitrum  flammans,  or  nitrate 
of  ammonia,  which  consists  of  a  particle  of  each  of  its  consti- 
tuents. A  particle  of  ammonia,  as  will  be  afterwards  shewn, 
when  decomposed  into  gas,  gives  rise  to  two  of  nitrogen  and 
three  of  hydrogen.  A  particle  of  nitric  acid  gives  rise  to  two 
of  nitrogen  and  five  of  oxygen.  Three  of  the  five  particles 
of  oxygen  derived  from  the  acid  uniting  with  the  three  par- 
ticles of  hydrogen  derived  from  the  ammonia,  form  three  of 
water ;  and  there  remain  four  of  nitrogen  to  unite  with  two  of 
oxygen,  a  particle  of  nitrogen  occupying  both  the  poles  of  a 
particle  of  oxygen.  The  resultant  molecule  has  concave  pores 
like  oxygen  itself;  each  particle,  therefore,  on  its  emergence 
into  the  radiant  medium,  receives  an  atom,  so  that  there  re- 
suits  a  very  beautiful  form  (Fig.  4S.)  whose  atomic  weight  is 
82  (10  oxygen  +  20,  azote  +  2  atoms). 
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The  mtomic  refractive  power  of  this  body  is  nearly  the  same 
as  that  of  nitrogen,  and  its  atomic  specific  heat  appears  fiom 
the  tables  to  be  less.  We  may  therefore  expect  it  to  be  ra- 
ther heavier  than  the  weight  of  its  elements,  estimated  aepi^ 
rately.  These  give  48  grains  (29.67  nitrogen  +  V  ^^Jg^  +  ' 
atoms),  while  its  atomic  weight,  compared  with  that  of  ocmb- 
moD  air,  makes  it  4a6.  Sir  H.  Davy  sUtes,  that  100  indiea 
weig^  between  48  and  49  grains.  It  may  sometimes,  hour- 
ever,  be  prepared  so  as  not  to  demand  the  atoms,  in  wfaioh 
caae  its  weight,  as  estimated  from  its  elements,  would  be  45 
grains,  which  was  the  weight  of  that  prepared  by  Colin. 

Gases  of  this  nature  are  somewhat  readily  decomposed,  and 
their  structure  may  at  the  same  time  be  detected.     Thus,  if 
a  quantity  of  hydrogen  or  carbon  be  mingled  in  this  gas,  and 
fire  or  the  electric  spark  applied,  the  oxygen  leaves  the  aiote 
to  unite  with  the  combustible.     Now,  it  is  found  by  experi- 
ment that  this  gas,  for  engaging  all  its  oxygen  as  water,  re- 
quires a  volume  of  hydrogen  equal  to  its  own ;  and  it  is  evi. 
dent  that  this  is  just  the  quantity  necessary,  according  to  the 
view  now  advanced,  and  that  there  will  result  a  number  of 
binate  molecules  of  nitrogen,  equal  to  those  of  the  gas  d^ 
stroyed,  that  is,  an  equal  volume  of  nitrogen.     It  may  be 
regarded  as  composed  of  a  volume  of  binate  nitrogen,  and  an 
equal  number  of  particles  of  oxygen  (that  is,  half  a  volume 
of  vital  air)  occupying  one  volume.     Its  structure  is  also 
made  evident  by  the  following  experiment :    Carbon,  where 
it  unites  with  oxygen  to  form  fixed  air,  indicates  the  volume 
of  oxygen  present,  for  there  is  no  change  in  bulk  during  the 
transition  of  vital  into  fixed  air.    Now,  it  is  found,  in  reference 
to  intoxicating  gas,  that  when  it  is  resolved  by  combustion 
into  nitrogen  and  fixed  air,  one  volume  is  expanded  into  one 
volume  of  nitrogen  and  half  a  volume  of  fixed  air,  which  in- 
dicates half  a  volume  of  vital  air. 

Intoxicating  gas  is  invisible,  has  a  faint  agreeable  odour, 
and  a  sweetish  taste.  It  supports  combustion  with  much  vivid- 
ness.    There  is  evidently  twice  as  much  oxygen  present  in  a 

given  volume  as  in  the  same  bulk  of  common  air,  and  proba- 
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bly  the  azote  is  as  easily  displaced  in  this  case  as  the  atoms 
in  vital  air. 

Its  most  interesting  property,  however,  is,  that  it  may  be 
breathed  for  some  minutes  in  a  state  of  purity ;  and,  instead  of 
suffocating,  or  inducing  spasms  in  the  glottis,  generally  pro- 
dueiBg4i  vary  vivid' intoxication.  It  is,  as  well  as  vital  air, 
evidently  able  to  impart  radiant  matter  to  the  syst^in;  bm 
it  J8  not  equally  well  fitted  for  relieving  the  systemof  carbon. 
Hence,  by f breathing  it,  radiant  mattep  is  given  into  the  l^ys- 
tem,  while  the  carbon  is  detained  in  it.  It  appears,  from  tbe 
experiments  of  Prout,  that,  in  states  of  intoxication,  carbon  is 
not  given  out  from  the  blood  in  its  usual  quantities,  ivhile  the 
powerful  action  of  the  lungs,  in  such  a  state  of  the  vitftl'func- 
tioDs,  implies  that  vital  air  descends  even  in  increased  quanti-i- 
ties.  The  circumstances  in  breathing  intoxicating  gas,  then, 
are  the  same  as  when  breathing  common  air  during  a  state  of 
inebriation  ;  but,  in  this  case,  the  intoxication  is*  without  that 
sickness  and  ill-health  which  arises  from  the  absorption  into 
the  system  of  injurious  substances.  •  This  gas  is- not  known 
to  be  developed  in  nature ;  and,  though  it  were,  its  detection 
in  the  atmosphere  would  be  extremely  different. 

Nitrous  Gas, — When  nitric  acid  is  decomposed  by  the  ac- 
tion of  some  metals,  as  when  it  is  poured  on  copper,  a  very 
simple  gas  ascends,  composed  of  a  particle  of  nitrogen,  united 
to  one  of  oxygen  (Fig.  43).  It  has  been  called  Nitric  Oxide, 
Deutoxide  of  Nitrogen,  or  Nitrous  Gas.  When  it  is  completely 
charged  with  radiant  matter,  probably  there  is  an  atom  on 
each  pole.  Its  atomic  weight  is  then  22.  When  charged 
with  two  atoms  of  radiant  matter,  100  inches  will  weigh 
33.4  grains  ;  when  with  one,  which  is  probably  its  most  legi- 
timate state,  81.9;  and  without  any,  30.4.  By  Sir  H.  Davy, 
it  has  been  stated  at  33.8  and  32  grmns ;  by  Thomson,  81.77; 
and  by  Berzclius  and  Dulong  at  30.53. 

When  decomposed,  it  must  evidently  yield  equal  volumes 
of  nitrogen  and  vital  air,  and  that  without  any  expansion,  for 
the  analyns  is  merely  a  resolution  of  the  whole    into  a 
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number  of  binate  molecules  of  the  two  gases,  equal  to  dlit 
of  the  particles  of  the  nitrous  gas  decomposed.  Or,  when 
the  oxygen  is  lesolved  into  water,  there  must  evidently  m* 
main  half  the  original  volume  of  nitrogen.  If,  again,  it  be 
ex|^osed  to  such  bodies  as  the  sulphites,  which  do  not  require 
miMfa  oxygen,  but  have  an  urgent  demand  for  what  they  waot, 
every  particle  of  axote,  abandoned  by  its  oxygen,  may  unite 
#ith  the  contiguous  particle  of  nitrous  gas  yet 
and  constitute  one  of  intoxicating  gas,  which,  in 
of  its  oxygen  being  locked  up,  may  escape  decompoation. 
Wlien  this  decomposition  is  effected  in  a  perfect  manner,  it  b 
evident  that  one  volume  of  nitrous  gas  must  give  rise  to  half 
a  volume  of  intoxicating  gas ;  and  this  is  found  by  experi- 
ment. The  most  interesting  feature  of  this  gas  is  its  action 
with  vital  air  in  the  atmosphere  which  contains  it.  When  by 
itself,  it  is  colourless,  and  but  slightly  absorbable  by  water ; 
but  when  mingled  with  vital  air,  a  deep  orange-coloured  gaa 
appears,  which  rapidly  settles  down  in  the  water,  rendering 
it  add,  and  communicating  its  colour  to  it.  Hence  nitreua 
gas  is  often  used  in  the  eudiometer  to  detect  the  presence  of 
vital  air.     The  substance  which  results  from  the  union  is 

NUrous  ^cM.^-£xperiment8  prove  that  half  a  volume  of 
vital  air  is  necessary  to  change  one  of  nitrous  gas  into  nitrous 
acid.  This  might  be  expected,  if  we  consider  that,  by  such 
an  accession,  a  more  highly  symmetrical  particle  results  than 
can  be  otherwise  produced,  every  particle  of  nitrous  fias  being 
served  with  one  of  oxygen,  on  the  exposed  pole  of  the  nitro- 
gen (Fig.  44).  In  the  aeriform  state,  it  will  receive  radiant 
matter  on  its  poles,  in  which  case  its  atomic  weight  will  be 
8S.  The  natural  state  of  nitrous  acid  is  in  union  with  water, 
which,  when  it  has  absorbed  the  acid  fumes,  becomes  liquid, 
if  previously  in  a  solid  state,  disengages  suffocating  fumes, 
and  displays  a  yellow  colour,  similar  to  that  of  nitric  acid  de- 
generating when  exposed  to  light. 


Hyponiiroui  Add, — In  particular  states  of 
tliese  two  substances,  nitrous  gas  and  nitrous  add,  exist  to- 
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gether,  constituting  what  has  been  called  Hyponitrous  Acid. 
It  18  constituted  of  two  particles  of  nitrous  gas,  with  a  par- 
tide  of  oxygen  between  them  (Fig.  46).  When  disengs^^ 
ftom  union,  it  separates  into  nitrous  gas  and  nitrous  acid. 

Thus,  from  the  destruction  of  nitric  acid,  four  distinct  bo- 
dies can  be  produced,  which  are  compounds  of  nitrogen  in 
particles  with  oxygen.  These  five  seem  to  exhaust  the  pos- 
dble  combinations  of  the  two  bodies.  Their  composition  may 
be  thus  stated — 

Particles.  Volumes  or  Parts. 

Atomic  Wdght  Nitzogan.       Oxygao.  Nitrogen.         Oxygen. 

Nitric  Add,                       70         8      +      5  or        100      +      850 

KttrousAcid,                    30          I       +      8  100      +      200 

H jponitrous  Acid,           60         8      -i-      3  100-1-150 

Nitrous  Oas,                    80         1      +       1  100     -»-      100 

Intoxicating  Oas,             38         8      +       1  100+50 


SULPHUR. 

Hydrogen  gives  rise  to  water,  oxygen,  and  nitrogen, 
chiefly  by  the  combined  demands  of  electricity  and  symmetry. 
But  its  particles  are  capable  of  other  forms  in  which  they  are 
united  crystallographically,  or  by  their  terminal  edges,  the 
pole  of  one  being  applied  to  the  equator  of  another,  in  which 
case,  the  energy  of  cohesion  is  a  maximum,  and  the  constitu- 
tion more  independent  of  electrical  state.  For  generating  a 
particle  of  water,  six  of  hydrogen  are  simultaneously  required; 
any  smaner  number,  when  presented  to  each  other,  will  often 
unite  into  a  spiral  fibre,  the  particles  being  united  by  terminal 
edges.  Five  particles  thus  constituting  an  axis,  by  uniting  its 
opposite  poles,  again  developes  a  particle  of  oxygen,  and  in 
this  way  it  may  be  frequently  generated  in  nature.  But  a  mass 
of  hydrogen  in  this  fibrous  state,  where  five  particles  are  per- 
mitted to  unite,  will,  in  all  ordinary  circumstances,  arrange 
themselves  into  a  highly  symmetrical  bipyramid,  in  which 
every  other  particle  coheres  by  three,  and  those  on  the  axis  by 
four  angles,  as  in  Fig.  46.  There  are  no  faces  suppressed, 
except  those  which  form  the  equator  of  the  hydrogens.  The 
form  which  results,  is  therefore  one  of  very  great  perma- 
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iieiicy  and  stability,  in  which  respect  it  may  ooly  he  surpaaaed 
by  iron,  silicon,  poCaasiuni,  and  such  other  forms  as  posasas 
great  symmetry,  and  contain  no  faces  whatever,  oppoaed  or 
suppressed.  This  constitutes  a  particle  of  sulphur.  Itsativ 
nnc  weight  is  10,  which  b  the  half  of  that  commonly  assigned* 
100  inches  in  the  state  of  vapour,  and  in  the  same  circuni* 
stances  as  common  air,  would  weigh  about  15  grains.  Its 
capacity  for  heat  mutt  be  very  great,  as  its  poles  are  so  wdl 
suited  for  vibration.  It  agrees  with  water  and  oxygen  in 
poasessing  an  exposed  centre ;  and  it  therefore  affords  access 
to  a  refpaa  which  is  always  at  the  zero  of  temperature ;  but 
the  forms  which  can  find  admittance  are  limited,  as  in  the  caae 
of  water.  Like  water,  sulphur  is  at  once  electro-positive  and 
electro-negative,  in  a  high  degree.  There  are  three  negative 
regions  in  every  particle. 

We  should  be  disposed  to  infer,  that  its  repulsive  fluid  must 
possess  two  scries  of  polarizing  axcH,  one  connected  with  the 
terminal  particle  of  hydrogen,  and  the  other  with  the  equatorial 
particles.  Viewing  a  particle  of  sulphur  in  the  direction  of 
the  axis,  there  are  twelve  faces  whose  perpendiculars  form 
similar  angles  with  the  central  and  lateral  axes  of  70*  SI'  44^; 
and  there  arc  three  terminal  edges,  forming  with  the  axis  an 
angle  of  SS"  15'  52".  If  we  suppose  the  resultant  of  these  to 
give  the  angle  which  the  resultant  polarizing  axes  form  with 

the  axis  of  the  particle,  it  is  ^  — j| ^f~3 

63^  ^  86'.  This  agrees  well  enough  with  the  fltfarizing 
angle,  ascertained  by  observation,  which  is  stated  at  64''  10^, 
that  deduced  from  the  index  of  refraction  being  63*"  46'. 
But  it  will  no  doubt  vary  somewhat  in  different  azimuths  in 
a  crystal  so  strongly  doubly  refractive  as  sulphur. 

The  particles  of  sulphur  must  be  capable  of  giving  rise  to 
crystallizing  molecules  of  two  sorts,  each  implicating  eight  par« 
tides.  That  which  arises  simply  from  the  force  of  crystalliziu 
tion,  consists  of  two  parts  applied  face  to  face,  each  composed 
of  four  particles  united  by  two  edges,  so  as  to  develope  a  rhom« 
boidal  plate;  and  two  such  rhomboidal  plates  constitute  a 
symmetrical  molecule.     These  uniting  again  produce  a  rhom- 
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Imdal  plate  of  similar  dimensions,  which  may  beocHne  the 
equator  of  a  scalene  four-s^ded  bipyraroid,  such  as  that  in  which 
sulphur  occurs  crystallized  in  nature,  the  resultant  angles  de- 
pending on  the  balance  between  those  which  the  particles,  in 
consequence  of  form,  would  affeqt,  and  those  which  the  laws 
of  symmetry  and  polarized  action  would  determine,  if  the  par- 
ticles of  sulphur  possessed  a  common  tessular  form. 

But  when  particles  of  sulphur  are  free  to  move  among 
each  other,  as  in  a  state  of  fusion,  the  hot  and  poiutiye  poles 
of  three  particles  will  naturally  seek  the  cold  and  negative 
o^itre  of  a  fourth ;  and  thus  another  molecule  (as  in  Fig.  419, 
in  which  there  are  two  additional  particles  of  hydrogen,  one  on 
each  pole,  at  present  to  be  disregarded)  will  result,  composed,  in 
like  manner,  of  four  particles,  but  in  a  very  different  position; 
and  two  such  will  constitute  a  symmetrical  molecule,  which 
must  give  rise  to  crystalline  forms,  very  different  from  those 
evolved  by  the  former.  Now,  it  is  ascertained  that  sulphur, 
when  crystallized  from  fusion,  assumes  a  form  very  different 
from  native  sulphur,  and  such  as  cannot  be  reduced  to  the 
same  fundamental  form.  The  atomic  weight  of  this  qua- 
temate  molecule  is  40.  It  occurs  very  frequently  in  the  com- 
binations of  sulphur,  and  corresponds  to  the  atomic  weight  of 
sulphur,  as  lately  assigned  by  Berzelius. 

Sulphur,  as  might  be  expected  from  its  origin,  is  a  very 
abundant  production  of  nature.  It  forms,  in  an  uncombined 
state,  immense  beds  in  volcanic  districts ;  nor  is  it  confined  to 
these,  bttt  is  met  with  both  in  primitive  and  secondary  rocks, 
not  volcanic,  especially  along  with  gypsum  and  rock  salt.  In 
a  state  of  union,  it  is  met  with  abundantly  in  pyritic  minerals, 
in  gypsum,  heavy  spar,  and  others.  United  to  iron  and  cop- 
per, it  forms  beautiful  minerals,  which  retain  its  colour,  but 
possess  a  metallic  lustre.  In  metals  of  heavier  particles,  its 
place  seems  to  be  occupied  by  arsenic,  a  substance  whose 
nature  is  evidently  related  to  sulphur. 

In  its  perfect  form,  sulphur  is  a  yellow,  or  sometimes  lim- 
pid crystalline  body,  very  easily  frangible,  scarcely  pos- 
teaiing  a  regular  cleavage.  It  fuses  at  a  temperature  some- 
what above  the  boiling  point  of  water,  and  soon  after  becomes 
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higlJy  lM|uid.  At  m  higher  UnqperiUire  the  pokt  of  tone  pir* 
odct  bqiin  to  leek  the  oold  oentrei  of  othen.  Themoiiiii- 
Gieoiei  ID  denntVf  bfcowieg  viackl  and  tenaciousi  and  rhaMfi 
from  a  yellow  colour  to  one  of  a  copper  red.  At  about  the  boil- 
ing point  of  nennirjr,  sulphur  aioendt  in  oolouied  Tapoor  in 
qnalemata  molecules  or  molecules  of  fusion^  but  at  this  db» 
gwe  of  heat  it  is  combustible  in  the  atmosphere  Thelomss 
generated  bjr  thb  combustion  are  ? ety  sufbcating  and  paei^ 
Gar.  .  But  its  imion  with  osygen  icndefs  it  impossible  to  dia^ 
cover  the  actual  odour  of  sulphur  Tapour.  Judging  ftom 
iiaodour  in  the  gsseous  state,  when  imited  to  hydrageot  ww 
should  infer  that  it  is  very  fetid,  and  probably  like  that  of 
gallic  or  hosse^radish.  When  the  vapour  is  prevented  fiom 
bumingy  it  collects  in  the  cold  part  of  the  diimney  as  a  beao* 
tiful  ydlow  gritty  powder  of  a  bright  yellow  colour,  with 
little  taste  and  smdl,  but  of  a  veiy  penetrating  naturs^  and 
apparently  not  suflering  deeompoation  in  the  animal  syKHB* 
When  sulphur  is  introduced  into  the  voltaic  Cmus,  it  is 
slowly  resolTed  into  hydrageot  which  takes  up  a  part  of  what 
rsmsins  undecompoosd,  and  thus  rdieves  it  finom  the  vokaie 
energy.  The  quantity,  however,  which  has  as  yet  been  db^ 
composed  in  this  way  is  very  inconsiderable;  nor  is  it  impo^ 
nfale  but  the  hydrogen,  which  is  obtabed  from  sulphur  in 
these  drcumstanoes,  may  only  be  particles  accidentally  pre- 
sent When  heated  along  with  carbon,  a  great  quantity  of 
hydrogen  appears,  which  cannot  be  otherwise  accounted  fiir 
than  by  the  decomposition  of  the  sulphur.  From  9  invasti* 
gation  a£  their  halntudes  together,  Berthcdlet  concludes^  *'  On 
ne  pent  douter  d^apres  cela  qu^il  n^  ait  de  lliydrogene  dans  la 
soufie.  Get  hydxogene  a  du  contribuer  pour  plus  qu^on  ne 
le  conduroit  de  ces  demiires  ezpdrienoss  seulement,  au  vo. 
lume  des  gas  d^[ag&  lorsque  le  soufre  port<  en  grand  quan* 
iH^  sur  le  charbon,  le  volatise  k  Taide  d^une  haute  tempte* 
ture.  Le  gaz  qui  se  develq>pe  alors  est  dii  i  Taelion 
r^proque  du  soufre  et  du  charbon,  et  k  oelle  qu^  exereent 
Fun  et  Tautre  sur  rhydrogene  combing  dans  chacun  deux ; 
Mab  la  quantity  de  soufre  qui  devient  nicessaire  pour  que 
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oette  combinaison  se  forme  autorise  k  conclure  en  supposant 
que  le  charbon  contient  encore  de  Thydrogene  que  e'est  n&m- 
moins  le  soufre  qui  en  donne  la  plus  grande  partie."^  * 

Sulpkureof4S  Acid.  Fumes  of  Sulphur, — When  sulphur 
it  rubbed)  it  acquires  a  peculiar  smell,  but  when  heated  nearly 
to  the  point  of  inflammation,  very  suffocating  fumes  ascend, 
and  when  it  bums,  they  are  generated  in  vast  quantities. 
They  are  developed  in  volcanic  regions,  and  where  coal,  con* 
taining  pyritic  matter,  is  consumed.  They  are  very  injurious 
to  the  lungs,  and  to  the  vegetable  organization :  it  has  been 
ascertained,  that  a  mixture  in  the  air,  so  slight  as  not  even  to 
affect  the  senses,  curls  the  leaves  and  injures  the  health  of 
plants.  Hence,  one  cause  of  the  inferiority  of  vegetation  in 
smoky  districts,  where  coal  is  burned. 

The  same  fumes  are  generated  when  sulphur  is  burned  in 
vital  air ;  and  there  can  be  no  doubt  that  it  is  a  case  of  simple 
combustion,  in  which  every  atom  of  the  radiant  matter  of  the 
vital  air  is  replaced  by  a  particle  of  sulphur.  The  atomic 
weight  of  a  particle  (Fig.  47.)  is  SO,  or  half  that  assigned  by 
Thomson  or  Dalton.  It  evidently  possesses  the  structure 
which  discharges  colours  already  described,  and  this  property 
it  is  found  to  possess,  though,  in  consequence  of  its  acid  nature, 
it  first  reddens  them.  The  particles  of  oxygen  in  the  sulphu- 
reous gas  may  perhaps  remain  in  the  same  positions  as  in  vital 
air,  with  sulphureous,  instead  of  radiant  poles.  In  which  case, 
100  inches  would,  in  their  nascent  state,  weigh  31  +  SO  grains; 
but  sulphur  is  such  a  form,  that,  immediately  on  coming  into 
the  radiant  medium,  it  can  only  be  expected  that  every  particle 
shall  become  charged  with  atoms  to  fill  up  and  relieve  the  ex- 
cessively  negative-electrical  state  of  its  equator,  the  limit  of 
which  is  six  atoms  to  every  binate  molecule  of  the  sulphureous 
gas.  This  would  raise  its  weight  from  60  to  70  grains.  If> 
again,  we  suppose  that  the  sulphur  is  arranged  in  quaternate 
molecules,  or  molecules  of  fusion,  constituting  aerial  mole- 

*  Memoires  d*Arcueil,  t.  i  p.  S31. 
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eiilesi  which,  like  oihers  of  similar  magnitude,  occupy  a 
double  ydume,  the  central  particle  of  sulphur  in  every  mole- 
cule will  be  free  from  atoms,  its  demand  for  matter  in  the 
hollows  of  its  equator  being  satisfied  by  the  three  surround- 
ing particles  of  sulphur.  This  will  reduce  the  weight  of  100 
inches  S.2  grains,  and  it  will  therefore  be  67.8  grains ;  and 
this  will  be  about  that  quantity  found  by  the  balance,  as  its 
atomic  refractive  power  is  the  same  as  that  of  common  air.  Sir 
H.  Davy,  Thomson,  and  Thenard,  found  it  about  68  graina. 

Molecules  of  this  form  are  extremely  impatient  of  the  gaae* 
ous  state.  Tlie  fumes  of  phosphorus,  whose  structure  we 
shall  find  in  the  highest  degree  analogous,  cxmnot  be  prevent* 
ed  from  aggregating  in  flocculi,  which  are  precipitated,  and 
those  of  sulphur  can  only  be  sustained  in  vessels  composed  of 
a  substance  for  which  they  have  no  affinity,  when  no  water  la 
present,  and  when  the  medium  is  not  intensely  cold. 

This  gas  may  be  reduced  into  a  liquid  state  by  being  pas^ 
ed  through  a  very  cold  tube,  or  by  being  pressed  by  two  at^ 
mosphcres.  Water  absorbs  it  very  readily,  and  remains  for 
some  time  a  fuming  liquor,  from  which  the  fumes  may,  fix* 
some  time,  be  recovered  in  a  free  state.  But  when  the  aooesi 
of  more  oxygen,  or  vital  air,  has  l)een  affbrdcd,  the  water 
loses  its  sulphureous  cxlour,  Ik^coiiics  intensely  sour,  and  may 
be  nused  to  the  temperature  of  550^  Fahr.,  without  giving 
off  any  other  vapour  than  pure  steam. 

Oil  of  Vitriol. — Sulphuric  ^dd— The  sulphur,  water  and 
oxygen  have  now  arranged  themselves  in  a  form  of  great  sym- 
metry and  stability.  Two  particles  of  sulphureous  acid  ha- 
ving inserted  themselves  in  the  two  poles  of  a  particle  of 
water  to  which  they  are  conformable,  the  two  particles  of  oxy- 
gen, aided  by  a  third  derived  from  the  atmosphere,  have 
moved  from  the  poles  to  the  equator,  and  thus  tlirce  particles 
of  oxygen,  the  number  demanded  by  a  particle  of  water,  are 
arranged  on  the  alternate  segments  of  its  equator,  while  the 
particles  of  sulphur  remain  inserted,  one  in  each  pole,  form- 
ing an  axis  to  the  molecule,  as  in  Fig*  48. 
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The  atomic  weight  of  a  particle  of  oil  of  vitriol  in  those 
cases  where  the  sulphur  still  retains  the  radiant  matter,  is  68. 

1  water, 12 

2  sulphur,      ....  20 

6  atoms, 6 

S  oxygen,      ....  SO 

68 

In  cases  where  it  is  free  from  atoms,  its  weight  is  62.  Now, 
Sir  H.  Davy  assigns  the  constitution  of  oil  of  vitriol  to  be  SO 
sulphur,  45  oxygen,  and  17  water ;  and  SO,  46,  and  18  are  in 
the  same  ratio  as  20,  SO,  and  12,  the  proportions  just  assign- 
ed. Oil  of  vitriol  is,  at  ordinary  temperatures,  a  liquid,  ha- 
ving the  aspect  as  to  fluidity  of  oil ;  but  it  differs  remarkably 
in  being  very  heavy,  in  possessing  a  very  low  refractive 
power,  in  mixing  with  water  in  all  proportions,  in  dissolving 
and  corroding  the  skin,  and  in  charring  vegetable  substances. 
It  Ixnls  between  the  melting  point  of  tin  and  lead ;  and  both 
stronger  and  weaker  acids  are  reduced  by  boiling  to  the  same 
degree.  In  this  there  is  no  water  present  except  that  implied 
in  its  constitution,  and  it  corresponds  to  the  hydronitric  acid 
formerly  described.  It  is  frozen  with  extreme  diflBcuIty. 
But  at  that  degree  of  dilution,  when  one  particle  of  water  is 
supplied  to  every  particle  of  oil  of  vitriol,  it  is  evident  that  it 
may  very  readily  assume  the  spicular  form,  a  series  of  par- 
ticles being  united  by  the  concave  poles  of  the  particles  of 
water  between  each,  which  serve  as  a  connecting  box.  In 
consequence  of  this  insertion  of  the  poles  of  the  sulphur  into 
the  poles  (^  the  water,  condensation  ensues  during  dilution, 
and  there  is  a  loss  of  the  specific  heat  of  these  poles  of  the 
sulphur,  and  much  heat  is  given  out. 

A  binate  hydrated  molecule,  consisting  of  one  particle  of 
oil  of  vitriol  with  one  of  water  on  each  pole,  is  the  most  sym- 
metrical and  dense  state  in  which  the  add  can  exist,  and, 
consequently,  at  this  degree  of  dilution  the  condensation  ought 
to  be  greatest,  the  ratio  of  acid  to  water  being  6S  or  65  to  24. 
Now,  Dr  Ure  found  the  greatest  condensation  when  the  ratio 
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of  oil  of  vitrioi  to  wafer  wag  78  to  27,  which  Mwe  in  th«  mb 
offlStoM^oreCtoSS. 

The  cualiirmoble  character  of  the  particle  of  oil  of  vilrial 
to  water,  and  its  cMciency  inquwacancc  of  electrical  rtalc^aiw 
indicated  bj  the  avidity  with  which  it  unitei  to  water, 
eating.  In  a  mnarlcable  nuuiner,  theatnMwphereaniondit, 
heoooring  weaker  by  abcorbing  the  irapour.  Itdeeompocea 
getable  mbrtancei,  teeming,  in  many  incrancica,  toraolfe 
inio  water  and  chareoal ;  hence  when  ctrawa,  or  other  vcg» 
table  bodiei,  fidl  into  oil  of  vitriol,  the  liquid  hecoanea  broww 
and  diaeoloured  by  the  mechanical  wiipeniinn  of  the  dicH^ 
gigcd  charooaL  In  iome  caeei,  it  appears  also  that  oil  of 
vitriol  is  disooloared  by  the  generation  of  a  little  sdemiBni  as 
has  been  suggested  by  Dr  Thomson,  and  since  ascertained.- 

TUs  powerful  acid  is  a  production  of  voleanae  region%  es* 
istingboth  in  a  liquid  state  and  that  of  vapour:  it  also  oeeors 
umted  lo  metallic  oxides,  constituting  salts.  For  the  purposss 
of  chemistry  and  the  arts,  it  is  usually  prepared  by  burning 
solpbur  with  nitre  over  water,  or  by  expdiing  it*  ham  grasB 
vitriol,  a  salt  of  iron  in  which  oil  of  vitriol  exists  abundantly. 
When  this  salt  is  distilled  at  a  strong  heat,  a  liquid  of  adark 
colour  and  oily  consistence  comes  over,  which,  unlike  oil  of 
vitriol,  boils  at  a  very  bw  temperature,  and  gives  olT  fumes 
at  all  temperatures.  It  consists  of  oil  of  vitriol  and  anhydrous 
sulphuric  acid.  The  latter  is  a  form  in  which  the  oxygen  and 
sulphur  are  in  the  same  proportion  as  in  oil  of  vitriol,  but  is 
sudi  a  state  of  impatience  to  become  oil  of  vitriol,  that,  when 
a  little  of  it  is  dropt  in  water,  it  hisses  like  a  red-hot  irair. 
When  this  fuming  liquor  is  diatUled,  the  anhydrous  add 
oomes  over,  and,  by  coding  successfully,  it  may  be  condensed 
into  a  solid  white  nlky  asbestiform  body.  It  often  happen^ 
that  oil  of  vitriol,  when  offered  union  with  certain  bodies- 
parts  with  its  water,  which  is  replaced  by  the  base^  and  theft 
its  atomic  weight  is  that  of  the  anhydrous  acid,  50  or  58^  or, 
perhaps  in  some  cases,  even  5&^ 


*  "Rm  etoBiic  wdght  of  aBh/drout  iulpharfc  ssftd  is  gsaenltjr  slalad  si 
SO,  sad  tUi  of  ofl  oTfitriol  aft  il.SS,  tad,  dtecgurdlag  the  seddeaUl 

s  > 
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Hffposulphuric  Add. — Sulphureous  acid  and  oil  of  vitriol 
are  the  substances  which  naturally  result  from  the  union  of 
oxygen  and  sulphur.  By  the  ingenuity  of  Welter  and  Gay- 
Lussac,  these  two  substances  have  also  been  made  to  unite 
with  each  other,  so  that  the  two  naked  poles  of  the  oil  of  vi- 
triol are  covered  by  two  particles  of  sulphureous  acid.  The 
beautiful  form  which  results  has  obtained  the  name  of  Hypo- 
sulphuric  Acid.  It  has  a  sour  taste,  reddens  vegetable  colours, 
and  unites  with  bases  forming  soluble  salts.  The  application 
of  heat  drives  off  the  sulphureous  acid  and  leaves  oil  of  vitriol. 
Its  atomic  weight  is  102,  (sulphur  40,  oxygen  50,  water  IS). 
The  same  ratio  of  sulphur  and  oxygen  would,  however,  re- 
sult>  if  a  quatemate  molecule  of  the  former  had  a  particle  of 
oxygen  on  all  its  poles.  This  would  be  an  anhydrous  hypo* 
sulphuric  acid,  whose  atomic  weight  would  be  90,  as  com- 
monly assigned. 

The  Hjfpoaulphuric  Acida.^BesiAe^  these  there  are  proba- 
Uy^hree  other  adds  of  sulphur  that  have  been  prepared  in  the 
laboratory.  Two  of  these  possess  very  simple  structures,  and 
have  both  been  described  under  the  name  c^  hyposulphureous 
acids. 

1.  Hypostdphur^ous  Acid  ofM,  Gay^Lussac  and  Mr  Her- 
schel, — By  deoxidizing  every  other  particle  in  a  quantity  of 
sulphureous  acid,  or  by  supplying  every  one  with  an  addi- 
tional particle  of  sulphur,  an  acid  results  in  which  the  ratio 
of  sulphur  and  oxygen  is  2  to  1.  There  are  two  forms  in 
which  this  ratio  is  compatible  with  a  symmetrical  existence. 
The  particle  of  oxygen  may  have  one  of  sulphur  in  each  pole, 
or  a  quaternate  molecule  of  sulphur  may  have  one  of  oxygen 
on  each  pole  of  the  central  axis.  In  the  former  case  its  ato- 
mic weight  is  80,  in  the  latter  60.  The  progress  of  develop- 
ment appears  to  be,  that  the  former  changes  into  the  latter. 


atoms  to  which  both  are  incident,  BO  and  02  are  the  true  weights ;  but  it 
wiU  only  be  by  subsequent  experiments  that  we  shall  learn  how  far  we 
can  count  upon  an  uniform  atomic  weight 
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the  Kmit  of  which  is  one  partide  of  oxygen  to  m  quatenHte 
molecule  of  sulphur.     This  is  the 

ft  Hffpondphnreous  Add  of  Dr  Thomsanj  Phil.  Tnmt. 
1827. — Its  constitution  is  more  analogous  to  other  acids  than 
either  of  the  former.  It  is  nearly  isaroorphous  with  the  other, 
and,  like  it,  forms  soluble  salts  with  bases,  whidi  with  wdL 
phuric  acid  form  salts  quite  insoluble.  They  are  of  little  in* 
terest,  and  the  salts  of  the  two  acids  aeem  to  pass  into  each 
ether.  Its  atomic  weight  is  50,  composed  of  a  quatemaiie 
molecule  of  sulphur,  40  +  1  particle  of  oxygen,  10. 

Six  acidous  compounds  of  oxygen  and  sulphur  are  poa* 
sible,  and  were  we  to  assume  one  analogous  to  the  deutoxide 
of  hydrogen,  seven  might  exbt  Such  forms,  however,  are 
extremely  rare. 

Weight.  Solphur.      Osyp^  Salphor.       Oifpik 

Sulphuric  add,                          50  9  +  3  «  100  -»-  ISe 

Hjpomilphuric  acid,                  90  4  -»-  5  =i  100  -»-  ItS 

Sulphureous  add,                      SO  1  -»-  I  rr  100  4-    lOt 

70  4  -t-  3  =  100  -I-      IS 

H jpomilph.  acid  (Oay -Luaaac)  00  4  -»-  9  =  100  -h      SO 

Do.  da  (Thomion,  1837,)          00  4  +  1  .  100  -»-      IS 

SulpkureUed  Ayvfrflgvn.-^Suiphur  is  highly  n^ative  m 
relation  to  hydrogen  ;  hence  it  enters  readily  into  union  with 
it  The  sulphuretted  hydrogen  which  most  naturally  results, 
is  a  very  fetid  and  poisonous  body,  sometimes  naturally  de^ 
veloped  in  certain  springs,  swamps,  and  volcanic  regions,  and 
during  the  decomposition  of  animal  Ixxlies  which  contain  sul- 
phur. It  may  also  be  procured  by  the  action  of  water  upon 
the  sulphuret  of  a  metal.  The  pure  metal  having  a  greater 
affinity  for  oxygen  than  sulphur,  decomposes  the  water,  at- 
taches the  oxygen,  discharging  the  sulphur  which  the  hydro- 
gen engages,  and  sulphuretted  hydrogen  is  set  free.  There 
is  a  mutual  affinity  to  aid  the  decomposition.  Sulphuretted 
hydrogen  may  also  be  developed  by  subliming  sulphur  in  hy- 
drogen gas,  in  which  case  it  is  remarked  that,  unless  the  pro- 
cess be  continued  too  long,  there  is  no  change  of  volume,  but 
the  weight  of  100  inches,  instead  of  being  between  two  and 
three  grains,  is  now  almost  86.  These  facts  indicate  that  the 
ratio  of  the  sulphur  and  hydrogen  in  the  constitution  of  the 
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gaa^isi  that  of  two,  particles  oF  the.  former  to  one  of  the  latter. 
They  may  be  arranged  in  so  many  different  ways,  that  it  is 
difficalt  to  satisfy  one^s  self  as  to*  the  form  which  the  body  in 
ibe  a€riform  state  will  assume.  In  entering  into  union,  it 
weems  probable  that  the  form  will  vary  according  to  that  with 
wbich  it  cxNOnbines.  Upon  the  whole,  we  •  may  regard  the 
jBOSt  ^ebacactcaistic  state  of  sulphuretted  hydrogen  as  that  in 
iwhidiA  quatemate  molecule  of  sulphur  has  a  particle  of  hy- 
dffpgBD  on  each  extrendty.of  the  axis,  (Fig.  49).  This  gives  a 
structure  analogous  to  the  hydracids,  and  one  in  which  the  oxy- 
gen m  one  of  the  hyposulphureous,  is  replaced  by  hydrogen. 
ItSitttomic  weight  may  be  82  or  44  according  to  circumstances. 

The  atomic  weight  of  that  in  which  the  quaternate  mole- 
cule is  involved  is  44,  n^lecting  the  radiant  matter  with 
ykladk  it  wW  become  charged  in  the  gaseous  state.  As  wc 
shall  afterwards  see,  such  large  molecules  in  which  hydrogen 
is  on  the  poles,  are,  in  the  aeriform  state,  only  half  as  dense 
a»the  gases  which  have  yet  been  noticed  ;  that  is,  in  any  vo- 
lume such  as  a  cubic  inch,  there  are  only  half  the  number  of 
particles.  The  refractive  power  and  magnitude  of  this  body, 
and  its  liability  to  be  charged  by  the  radiant  matter,  are  so 
great,  that  experiment  is  the  best  guide  to  its  specific  gravity*. 

This  substance,  in  the  gaseous  state,  may  be  decomposed 
by  combustion  with  oxygen  ;  and  to  convert  it  into  water  and 
fiimes  of  sulphur,  every  particle  will  evidently  require  six  of 

*  Perhaps  it  may  be  thus  estimated, 

Four  volumes  of  sulphur  vapour,  .  .  60. 

Nine  atoms,  ...  is.6 

Two  volumes  of  hjrdrogen,  -  -  4.8 

77.7  grs. 
There  are  nine  concave  poles  in  every  quaternate  molecule  for  the  rece|>- 
tion  of  the  radiant  matter.  But  77*7  are  the  weight  of  as  many  particles 
at  are  contained  in  200  inches  of  the  common  gases,  and  the  half  of  this, 
or  38.8,  would  be  the  weight  of  100  inches  of  sulphuretted  hydrogen,  on 
the  supposition  that  this  included  radiant  matter  is  as  dense  as  in  common 
■in  But  the  gases*  action  upon  light  is  very  great,  and  the  weight  indi- 
cated by  the  balance  will  be  less  than  this.  One  hundred  inches  have 
been  Ibund  to  weigh  about  36  grains. 
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oaygBOt  Qt  Uivee  mofeculei  of  Tital  ttr,  that  it  J|  tiniM.itt 
own  volune,  for  the  molecufet  of  vital  air  aie  dooblj  daaa 
eonparad  with  these  of  sulphuretted  hydrqgeo.  The  i«ffi)l 
ia  water  and  a  ▼oiume  of  sulphuieoui  acid  equal  to  thaiiaf 
the  fetid  gas  consumed.  By  other  means  the  sulphur  ps^ 
be  thrown  down,  upon  which  the  hydrogen  remaans  oceoffw 
i^  the  same  ¥010010  as  that  of  the  gas  decomposed^  two  pa^ 
tkdes  of  hydrogen  being  aflbrded  by  each  particle  of  the  fetid 


This  iaflammahlff  body  possesses  the  properties  of  anasid^ 
reddening  colours^  and  uniting  with  bases  so  as  to  give  dsa  to 
OTstaUine  salts.  LiLe  all  the  other  saline  bodies  into  whieh 
a  quatemate  molecule  of  sulphur  enters,  they  are  soluble 
easily  deiwniuust'd 

Sulphuretted  hydrogen  b  very  poisonousp  In  the 
indeed,  it  is  rapidly  decomposed ;  but,  when  absorbed  by  the 
siun,  it  proves  so  fatal  that  an  animal  is  qieedily  destroyed 
when  enclosed  in  an  atmosphere  composed  of  it,  though  the 
creature  is  permitted  to  breathe  good  air.  When  made  lo 
breathe  air  containing  lyVs^  P>>^  ^  >ts  volume  of  this  gas^ 
asmall  bird  died. 

It  is  combustible,  giving  rise  to  sulphureous  fumes.  It 
unites  very  readily  with  water,  and  settles  on  metals,  and 
earthy  and  alkaline  bases,  giving  rise  to  variously  cokmiu 
ed  ftulphurets,  hydrosulphurets,  and  hydroguretted  sulphu* 
rets.    Hence  it  tarnishes  metals  and  injures  metallic  colours. 


SupermlphuretUd  ITydrtigtfn.—- Another  compound  of  suU 
phur  and  hydrogen  has  been  distinctly  recognised,  wUdi  a|^ 
pears  lo  possess  the  same  structure  as  the  former,  but  with  a 
particle  of  hydrogen  on  one  pole  only.  It  now  wants  booj- 
ancy  to  assume  the  gaseous  state,  and,  though  very  volatile^ 
exists  at  ordinary  temperatures  as  a  viscid  fetid  liquor.  Like 
the  former,  it  unites  with  bases,  and  the  compounds  resulting 
have  a  greenistuyellow  colour,  a  very  bitter  taste,  and  offsn- 
stve  smell.    They  are  speedily  decomposed  by  the  actioD  of 
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the  air,  and  the  hydraeid  changed  into  the  corresponding  oxy- 
genous acid.  The  atomic  weight  of  this  substance  is  4S.  Its 
salts  are  named  Hydroguretted  Sulphurets,  and  it  has  itself 
been  named  Bisulphuretted  Hydrogen.  From  its  avidity  for 
oxygen,  it  has  been  used  in  eudiometry. 

Thus,  sulphui  forms  with  hydrogen  two  acid  bodies ;  while 
with  oxygen  it  forms  four  at  least,  distinct  from  each  other. 
But  the  number  of  compounds  of  sulphur  and  hydrogen  may 
be  much  greater ;  and  the  state  of  the  matter  is  very  accu- 
rately expressed  by  Berthollet,  in  the  result  of  his  experi- 
ments on  the  Alcohol  of  Sulphur  of  Lampadius.  **  II  (le 
soufre)  forme  avec  lui  (Phydrogene)  des  combinaisons  done 
les  proportions  varient,  et  qui  selon  les  circonstances  pren- 
nent  la  forme  de  fluids  elastiques,  de  liquides,  ou  de  solides.^ 
^^Menunrs  cTJrctteilj  t.  i.  p.  SSft.J 


SELENIUM. 

BxBZELius  discovered,  among  the  faeces  left  by  the  combus- 
tion of  impure  sulphur,  derived  from  iron  pyrites,  at  Fahlun, 
in  Sweden,  a  dark  coloured  matter,  which,  when  burned, 
emitted  a  smell  like  that  of  horse-radish.  This  wonderful 
chemist  subjected  it  to  his  analyas,  and  in  his  laboratory  it 
soon  confessed  its  nature.  It  has  been  found  by  Stromeyer 
in  the  fuming  oil  of  vitriol  of  Nordhausen^  in  which  it  is  pro- 
bably generated ;  and  it  has  also  been  discovered  in  small  quan- 
tities, in  union  with  sulphur,  among  the  volcanic  products  of 
the  Lipari  Isles.  There  it  acts  the  same  part  along  with  the 
atomically  heavy  metals,  such  as  lead,  cobalt,  silver,  mercury, 
that  sulphur  does  with  the  light.  It  has  also  been  detected  in 
the  Hartz  Mountains  and  elsewhere.  All  the  circumstances 
of  its  history  indicate  its  affinity  to  sulphur.  At  the  boiling 
point  of  water  it  agrees  with  sulphur  at  double  that  degree  of 
heat,  being  a  soft  tenacious  substance,  of  a  red  colour  when 
viewed  by  transmitted  light.     At  a  temperature  somewliai 
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abo^  this,  it  becomes  quite  fluid ;  a  little  above  the  boiling 
point  of  sulphur,  it  boils  also,  forming  an  inodorous  vapour 
of  a  deep  yellow  colour.  This  vapour  sublimes  into  a  powder 
of  a  red  colour,  or^  when  in  more  confined  places,  into  dark 
globules  of  metallic  lustre,  and  of  the  aspect  of  lead.  Its 
specific  gravity  is  a  little  more  than  douUe  that  of  sulphur, 
being  between  4^8  and  4^8,  while  sulphur  varies  froin  1«8B 
to  S.079.  It  may  be  crystallised  from  fusion,  and  seems  Id 
afiiect  forms  similar  to  sulphur  in  the  same  circumstaiiees» 
Like  sulphur  it  is  easily  scratched  by  a  knife,  is  brittle,  and 
easily  reduced  to  powder. 

Selenium  consists  of  two  particles  of  sulphur,  united  by 
three  of  hydrogen,  which  gives  rise  to  a  very  perfect  fims, 
(Fig.  BfL).  Its  atomic  weight  is  26  *.  It  will  unite  in  mole- 
cules of  four,  whose  atomic  weight  is  104. 

Selenious  ^ctd.— When  selenium  is  burned  in  a  limited 
quantity  of  common  air,  it  ascends  in  fumes  uniting  to  oiygen. 
In  this  case,  there  are,  however,  two  products,  the  nature  of 
one  of  which  is  unknown,  and  the  other  is  analogous  to  the 
fumes  of  sulphur.  The  product  whose  composition  is  mi- 
known  is  a  gaseous  body,  which  possesses  so  strong  an  odour 
of  horse-radish,  that  j'^th  of  a  grain  of  selenium  is  said  to  be 
adequate  to  scent  the  air  of  a  large  chamber. 

When  selenium  is  burned  in  vital  air,  an  acid  results  simi- 
lar to  the  sulphureous,  and  consisting  of  one  particle  of  oxygen 
on  the  pole  of  one  of  selenium.  This  is  the  selenic  add  of 
older  works.  Its  atomic  weight  is  36,  composed  of  26  sele- 
nium and  10  oxygen,  or  100  of  the  former  and  S8.46  of  the 
latter,  which  agrees  with  the  determinations  of  Bersdius. 
These  acid  particles  aggregate  in  quatemate  molecules,  whose 
atomic  weight  is  144,  and,  in  the  molecular  state,  it  often 
enters  into  union.     These  molecules  also  give  rise  to  crystals 

*  Dr  Thomson  ttstes  it  at  60,  whkh  is  ncarlj  the  double  of  that  In  the 
text. 
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raembUng  thoae  of  nitre  mheo  they  cryatailbe  from  aolutiop. 
When  crystallized  from  sublimation,  they  produce  four-sided 


Sdenic  -iocL^— Selenium  also  forms  an  add  perfectly  ana- 
logous to  ml  of  vitriol,  in  which  a  particle  of  selenium  is  in- 
4wrted  on  each,  pole  of  a  particle  of  water,  three  of  oxygen 
beii^  on  the  alternate  segments  of  the  water.  Its  atomic 
we^t  is  oonsequendy  94s  or,  excluding  the  water,  whidi, 
however,  is  essential  to  its  structure,  it  is  82.  Its  analogy  to 
oil  of  vitriol,  both  in  structure  and  properties,  has  been  pcunt- 
cd  out  by  Professor  Mitscherlich.  It  is  a  colourless  heavy 
liquid,  having  a  powerful  affinity  for  water,  and  giving  out 
at  much  heat  during  the  union  as  oil  of  vitriol.  Its  affinity 
for  bases  is  also  nearly  equally  strong ;  and  the  salts  which  it 
forms  are  in  every  feature  analogous. 

SeknieUed  Hydrogen^f^UikA  sulphur  selenium  unites  with 
hydrogen,  and  forms  an  invisible  fetid  gas  of  acid  properties. 
Hence  it  has  sometimes  been  called  Hydroselenic  Acid.  It 
acts  with  great  energy  upon  the  nose  and  throat,  causing  pain, 
destroying  the  sense  of  smell  for  some  time,  and  producing 
catarrhal  symptoms.  Like  sulphuretted  hydrogen,  it  is  ab- 
sorbable by  water,  and  its  aqueous  solution  precipitates  all 
the  metals  from  their  solutions  of  various  colours.  There 
are,  no  doubt,  several  compounds  of  selenium  and  hydrogen, 
but  that  examined  by  Berzelius  possessed  a  structure  similar 
to  that  of  sulphuretted  hydrogen.  Berzelius  analyzed  it,  by 
pasang  it  through  the  acetate  of  silver.  The  oxygen  of  the 
oxide  of  silver,  implied  in  the  acetate,  united  with  the  hydro- 
gen in  the  selenietted  hydrogen,  and  formed  water,  while  sele- 
niuret  of  silver  was  simultaneously  generated.  The  composi- 
tion of  this  seleniuret  of  olver  was  determined  to  be  1.889 
silver  and  0.499  selenium.  But  the  silver,  previous  to  the 
access  of  the  selenietted  hydrogen,  was  combined  with  .101 
of  oxygen,  which  had  engaged  all  the  hydrogen  united  to  the 
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Mlemum  in  the  aelenictted  hydiogni,  and  Ibnned  watar  along 
with  it  The  quantity  of  hjdn^geo  pretent,  then,  matt  hum 
been  one^fth  of  .101  or  .OSOfl,  and  this  wai  rfanhJMd 
with  .499  of  adenium  in  the  fetid  gat  dcttiojed.  fkm^ 
.499:0aDar£l04:  4k809,  that  is,  the  analysb  indicates  a  ^sa- 
tcmate  molecule  of  sdeniun  united  to  two  particles  of  liy<dro^ 
gen.  One  hundred  inches  of  srieniclted  hjrdmgen, 
garding  its  ezdusire  power  on  the  radiant  mediuni  and 
dental  atoms,  would  weigh  idxNit  81  grains. 

Smipkmr  and  Sekmium.'  ■  As  might  be  expected,  these 
ly  allied  substances  unite,  and  a  substance  results  bcaiky  an 
analcgy  to  the  sulphurets  of  arsenic.  It  is  said  to  ponsht  af 
100  parts  of  selenium  and  00.7ff  of  sulphur,  which  indicaHs 
a  quatemate  molecule  of  the  former  and  mx  particles  of  swU 
phur. 

AUaENic. 

Thkes  is  a  very  interesting  substance  which  occurs  Jo 
nature,  both,  in  a  free  state,  united  to  oxygen  and  to  nMtal% 
bearing  the  well  known  name  of  Arsenic.  It  seems  to  occupy 
the  same  {dace  in  relation  to  the  laige  metals,  that  sulphur 
does  in  relation  to  iron,  copper,  and  other  small  metals.  In 
the  laboratory  its  habitudes  are  most  analogous  to  the  two 
substances  which  have  been  last  examined,  sulphur  and  .sde- 
niumv  When  suddenly  heated^  it  bums  with  a  bluish  flame^ 
giving  off  a  dense  white  vapour.  It  is  very  volatile,  but  not 
wdl  suited  to  the  liquid  state;  hence,  like  sulphur,  it  is 
readily  obtained  in  a  state  of  purity  by  sublimation.  When 
in  a  solid  state,  it  is  a  heavy  body,  with  a  lustre  resembling 
that  of  steel :  its  specific  gravity  is  commonly  stated  at  a  little 
less  than  double  that  of  selenium,  and  about  four  times  tlpt 
of  sulphur.  From  its  lustre  and  weight,  it  has  oflten  been 
separated  in  chemical  systems  from  those  substances  to  which 
it  is  obviously  rdated,  and  (daoed  among  metallic  bodies 
otherwise  most  dissimilar.    It  is  nearly  as  brittle  as  sulphur. 
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and  when  it  ascends  in  vapour,  it  gives  out  a  smell  not  like 
hone-radish,  but  lilce  garlic,  which  would  be  characteristic  of 
arsenic,  were  it  not  that  the  vapour  of  phosphorus  in  cer- 
tain states  of  engagement  possesses  a  similar  odour.  What 
the  odour  of  subliming  sulphur  may  be,  we  have  no  oppor- 
tunity of  discovering,  as  it  instantly  unites  with  oxygen,  and 
generates  those  pungent  suffocating  fumes  which  constitute 
flulphureous  add* 

Arsenic  is  met  with  in  the  pure  state,  chiefly  in  primitive 
rocks,  accompanying  the  ores  of  silver,  cobalt,  and  copper. 
On  considering  the  character  of  arsenic,  and  the  circumstances 
in  which  it  occurs  in  the  mineral  kingdom,  it  is  very  natural 
to  conclude^  that  its  form  is  like  that  of  selenium,  very  inti- 
mately related  to  that  of  sulphur ;  and  considering  its  very 
frequent  occurrence,  we  at  once  conclude  that  it  is  analogous  to 
two  particles  of  sulphur,  to  which  one  particle  of  hydrogen  is 
common,  (Fig.  51).  Its  composition  is  therefore  much  simpler 
than  that  of  selenium,  which  at  once  expluns  its  more  fre- 
quent occurrence.  Its  atomic  weight  is  18*.  It  must  form 
itself  into  septenate  molecules,  three  particles  penetrating  on 
each  side  of  the  equator  into  the  concavea  that  are  conform- 
able to  their  poles.  The  atomic  weight  of  such  a  molecule  is 
1S6.  Like  sulphur  and  phosphorus,  arsenic  unites  readily 
with  metallic  bodies,  rendering  them  brittle,  and  generally 
increasing  their  whiteness.  The  compounds  resulting  from 
its  union  with  oxygen,  are  like  those  proper  to  sulphur  and 
selenium,  acid  bodies  and  their  number  is  probably  great. 
There  are  only  two,  however,  which  occur  in  nature,  and  are 
possessed  of  much  interest 

Arsenic  Acid, — Arsenic  acid  consists  of  a  particle  of  oxygen 
on  the  pole  of  one  of  arsenic,  and  therefore  corresponding  in 
structure  to  the  sulphureous  and  selenious  acids.     When  the 

*  Its  atomic  weight,  given  by  Berzelius,  is  94*0779  which  is  nearly  five 
times  thai  of  the  text ;  and  by  Dr  Thomson,  47*5,  which  is  nearly  two  and 
a  half  times.  The  reason  of  this,  rather  \inusual  state  in  the  multiples, 
will  be  seen  when  treating  of  arsenic  acid. 
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artenic  is  free  from  hydrogen  or  accidental  atoms,  the  atomic 
weight  of  this  acid  is  S8,  composed  of  18  arsenic,  and  10  of 
oxygen ;  Thenard  having  found  18  arsenic  and  10*1  oxygen. 
Most  other  chemists,  however,  have  found  the  arsenic  radiar 
too  heavy,  which  is  only  to  be  expected,  when  we  consider 
the  liability  of  the  arsenic  to  become  charged  with  hydicgen 
or  accidental  atoms  of  matter,  and,  where  water  is  present,  to 
degenerate  into  the  state  of  arsenious  add,  which  is  a 
quiescent  compound  when  in  an  insulated  state.     Thei 
add  is  procured  by  supplying  oxygen  to  the  arsenious 
As  water  is  always  present,  the  partides  group  in  a  manntr 
perfectly  similar  to  that  which  obtains  in  glacial  phospboffie, 
and  boradc  adds,  afterwards  to  be  described ;  that  is,  one  ia 
inserted  in  each  pole,  and  three  are  attached  around  the  equator 
of  a  particle  of  water.     The  atomic  weight  of  this  molecnlt^ 
then,  is  15ft ;  and  in  the  experiments  of  the  laboratory,  as  in 
the  case  of  gladal  phosphoric,  and  boradc  acids,  it  usually 
enters  into  union  in  these  quinate  molecules.     The  rssfsitial 
water  is  only  8*57  per  cent     This  acid  has  a  sour  and  nwlaU 
lie  taste;  it  attracts  humidity  from  the  air;  it  effinrfooes 
strongly  with  alkaline  carbonates ;  it  may  be  evaporated  into 
a  gelatinous  mass,  and  reduced  by  fusion  to  a  gladal  state, 
but  it  cannot  readily  be  made  to  crystallize.    It  is  a  very  active 
poison. 

Arsenious  Acid, — Arsenious  add,  at  least  in  the  dry  state, 
consists  of  a  septenate  molecule  of  arsenic,  with  four  partidea 
of  oxygen  on  the  four  poles,  on  one  side  of  the  equator.  Its 
atomic  weight  is  166,  composed  of  126  arsenic,  and  40 
oxygen,  or  100  arsenic,  and  31*74  oxygen  ;  Berzdius  having 
found  100  and  31  907,  and  Thomson  31  '57.  Arsenic  escapes 
during  combustion  in  this  state.  Hence  the  alliaceous  fumes 
of  arsenic ;  for  if  all  the  poles  were  covered  by  oxygen,  no 
such  odour  would  be  percdved.  Arsenious  add  also  occurs 
in  nature,  constituting  reniform,  botryoidal,  mnmmillated  and 
stalactitic  masses  in  vdns  and  cavities  where  other  arsenioated 
mineral  bodies  are  found.     It  is  sparingly  soluble  in  watar, 
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vhich  it  renders  highly  poisonous.  The  arsenic  acid  of  Dr 
Thomson,  generated  by  infusing  nitric  acid  upon  metallic 
arsenic,  consisted  of  this  same  septenate  molecule,  with  all  the 
poles  covered  by  oxygen  ;  its  atomic  weight  is  206.  There 
may  be  anotheracid,  however,  in  which  the  ratio  of  arsenic 
and  oxygen  is  90,  and  80  or  100,  and  98*88,  and  whose  ato- 
mic weight  is  ISO.  There  may  also  be  another  analogous  to 
the  hyposulphureous  acid  of  Gray-Lussac,  in  which  the  ratio  is 
100  arsenic  to  28  oxygen.  Upon  the  whole,  it  is  not  to  be 
wondered  at  that  difierent  chemists,  according  to  their  differ- 
ent  methods  of  manipulating,  should  develope  difierent  sub- 
stances made  of  arsenic  and  oxygen. 

Arsenic  and  Hydrogen. — Arsenic,  like  sulphur  and  sele- 
nium, with  hydrogen  gives  rise  to  a  fetid  gas  of  very  poisonous 
qualities.  Two  arsenicated  hydrogens  are  easily  concdvaUe, 
one  in  which  there  is  one  particle  of  hydrogen  on  a  pole  of  a 
particle  of  arsenic,  and  which  is  therefore  analogous  in  its 
structure  to  the  hydrophosphoric  gas  of  Davy,  afterwards  to 
be  described ;  another  in  which  three  particles  of  hydrogen 
penetrate  to  the  three  concave  regions  of  the  arsenic,  or  are 
attached  to  the  three  angles  of  its  equator,  analogous  to  the 
light  phosphuretted  hydrogen  of  the  same  philosopher.  In 
both  cases,  the  density  of  the  gases  will  be  half  that  of  hy- 
drogen, in  consequence  of  the  great  length  of  the  axis.  The 
specific  gravity  of  the  former  gas,  disregarding  its  liability  to 
the  insidence  of  atoms,  and  its  exclusive  powers  upon  the  ra- 
diant medium,  ought  to  be  just  about  half  that  of  common 
air,  for  its  density  is  half,  and  its  atomic  weight  very  nearly 
the  same,  and  therefore  100  inches  ought  to  weigh  about  15 
grains.  But  the  specific  gravity  of  the  other  ought  to  be  about 
.688,  and  100  inches  ought  to  weigh  about  20  grains.  If,  in 
tins  gas,  the  arsenic  were  thrown  down,  100  volumes  would 
expand  into  150  of  hydrogen.  Now,  Gay-Lussac  found, 
that  in  the  gas  on  which  he  operat;ed,  100  measures  expanded 
to  140  of  firee  hydrogen.  The  specific  gravity  of  arsenicated 
hydrogen  gas,  also,  observed  by  Tromsdorff,  is  stated  at  .6S98 ; 
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while  Davy  prepared  it  lighter,  and  also  with  a  specific  gra- 
yity  so  high  as  .5562,  numbers  as  near  to  those  which  have 
been  anticipated  from  the  atomic  weight  of  the  gas  as  could 
be  expected.  There  can  be  little  doubt,  then,  that  such  ta  the 
nature  of  this  formidable  sort  of  air,  which  closes  a  class  of  the 
most  abominable  substances  in  chemistry — the  compounds  of 
sulphur,  selenium,  and  arsenic,  with  hydrogen. 


and  .Sti^Aur.— These  analogous  bodies  maj  bt 
readily  united  by  art  in  several  proportions.  Two  occur  also 
in  nature,  constituting  orpiment  and  realgar,  highly  oolouvsd 
mineral  bodies,  which  have  been  long  used  as  pigments.  Or« 
piment  is  of  a  lemon-yellow  cdour;  realgar,  auror»-red. 
Both  are  frequently  met  with  crystallized.  As  is  the  case  with 
most  other  sulphurets,  the  mdecule  is  large.  The  analjrii 
of  realgar  or  hemiprismatic  sulphur  by  Klaproth  and  Laa|peiv 
indicates  that  a  quatemate  molecule  of  sulphur  is  the  wa^ 
cleus,  and  that  there  is  a  particle  of  arsenic  on  eadi  of  its  fiv9 
poles ;  for  this  will  require  40  parts  of  sulphur  and  90  of 
arsenic ;  while  the  analyns  of  these  chemists  give  40  and  SQL 
The  nucleus  of  orpiment,  or  prismatoidal  sulphur,  again,  seema 
to  be  a  septenate  molecule  of  arsenic,  with  a  particle  of  sulphur 
on  each  pole.  This  requires  80  parts  of  sulphur,  and  1S6  of 
arsenic ;  while  the  analysis  of  these  chemists  give  about  80 
and  130.  Thus,  in  the  red  mineral,  the  sulphur  is  the  nu- 
cleus, and  all  the  poles  are  covered  by  arsenic ;  in  the  ydlow 
mineral,  again,  the  arsenic  is  the  nucleus,  and  all  the  pc^  are 
covered  by  sulphur. 


TELLUBroM. 

Whsn  three  particles  of  hydrogen  arc  added,  so  as  to  sup- 
plement the  equatorial  region  of  arsenic,  the  form  seems  to 
constitute  a  particle  of  tellurium  (Fig.  50).  This  is  a  sub- 
stance of  metallic  lustre  and  considerable  specific  gravity,  but 
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met  with  so  rarely,  that  chemists  are  very  imperfectly  aC' 
quainted  with  it.  It  occurs  along  with  lead,  gold,  and  the 
heavy  metals ;  chiefly  in  Transylvania.  In  its  general  cha- 
racter it  agrees  with  arsenic,  but  it  is  less  volatile,  and  its 
fumes  are  not  known  to  possess  any  odour. 

Oxide  qfTdlurium, — ^Like  the  other  temate  forms  which 
have  occupied  our  attention,  tellurium  unites  with  oxygen  and 
hydrogen,  the  result  of  the  latter  union  being  an  invisible  fetid 
gas.  The  oxide  examined  by  Berzelius  appears  to  have  had  a 
Btnicture  analogous  to  white  arsenic,  being  a  septenate  mole- 
cule of  tellurium,  charged  by  four  particles  of  oxygen.  The 
atomic  weight  of  tellurium  is  24 ;  that  of  a  septenate  mole- 
cule 168,  which,  united  to  40  of  oxygen,  gives  the  atomic 
weight  of  the  oxide  SOS,  composed  of  168,  and  40  or  100  tel- 
lurium, and  23.8  oxygen;  Berzelius  having  assigned  100 
tellurium  and  24.8  oxygen.  The  atomic  weight  of  tellurium 
given  by  Sir  H.  Davy,  reduced  to  the  oxygen  scale,  is  24.65 
X  2|  very  nearly  that  of  the  text  The  telluriate  of  lead, 
analyzed  by  Berzelius,  gives  protoxide  of  lead  260,  or  two 
particles  and  207.64,  or  one  particle  of  oxide  of  tellurium  al- 
most exactly.  This  oxide  is  generated  in  white  fumes,  when 
tellurium  is  set  on  fire  by  the  blowpipe  or  otherwise ;  but  it 
is  believed  that  the  odour  of  horse-radish,  which  Klaproth 
thought  to  be  proper  to  the  fumes  of  tellurium,  belonged  to 
those  of  the  selenium  which  happened  to  be  present  in  his 
specimens.  The  oxide  of  tellurium,  according  to  the  body 
with  which  it  is  associated,  either  plays  the  pai't  of  an  acid  or 
an  alkali,  which  is  a  very  interesting  circumstance ;  and  it  is 
only  to  be  regretted,  that  our  acquaintance  with  it  is  so  im- 
perfect. But  tellurium  can  too  easily  subdivide,  in  the  pro- 
cess of  polarized  action,  into  arsenic  and  sulphur,  to  encour- 
age us  to  hope  that  it  will  ever  be  found  in  great  quantities. 
It  does  not  belong  to  our  age  of  the  world. 

TetturieUcd  Htfdrogen.^^Teilunetted  hydrogen   has  not 
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been  unutdy  exanuned.  It  b  a  colouilatt  bod^  when  in  the 
gMfoni  state,  but  imparts  a  claret  tint  to  water  whidi  holda  it 
dissolved.  It  has  not  been  ascertained  whether,  like  the 
logons  compounds,  it  have  add  properties.  Its  odour  is 
unlike  that  of  sulphuretted  hydrogen*  As  in  the  case  of  av- 
senic,  a  solid  compound  has  also  been  noticed.  Doubtless 
the  possible  combinations  are  very  numerous.  Tellurium  has 
also  been  united  with  chlorine,  under  wUch  the  compound 
will  be  noticed. 


PHOSPHORUS. 

Or  all  inorganic  bodies,  there  is  none  which 
interesting  properties  than  that  curious  *'  consistent 
luca^  which  was  detected  in  the  residuum  of  urine  by  Bmidt 
It  shines  in  the  dark  like  a  luminous  animal  at  ordinary  Um^ 
pemtum,  and  shews  farther  its  rdation  to  light  by  beny 
very  strongly  refractive,  and  beconung  black  or  tiansparsBt 
according  to  the  manner  in  which  it  is  cooled.  It  has  ok 
tained  the  old  name  of  Phosphorus,  and  consisu  of  three  paiw 
tides  of  hydrogen,  arranged  as  in  sulphur,  retained  in  posi- 
tion by  two  atoms  of  radiant  matter,  with  the  faces  free  as  in 
the  medium  of  light,  (Fig.  58).  Its  atomic  weight  is  8.  One 
hundred  inches  in  the  state  of  vapour,  and  in  the  same  dr- 
cumstances  as  to  density  and  radiant  matter  as  common  air, 
would  weigh  1S*25  grains.  Its  form  is  nearly  isamorphoua 
with  sulphur,  though  the  substitution  of  two  atoms  of  radiant 
matter,  united  only  by  three  angles  to  each  pole  of  the  patw 
tides  of  hydrogen,  instead  of  two  partides  of  hydrogen  form- 
ing a  solid  axis,  introduces  important  modifications  into  its 
history  and  properties.  It  agrees  more  completely  with  suL 
phur,  however,  than  any  other  body.  It  is  a  semitranspaicnt 
sectile  solid,  which,  being  only  procured  from  a  state  of  fusion, 
corresponds  to  sulphur,  when  its  crystalline  structure  has  bean 
changed  by  heat.  It  fuses  at  108^  Fahr.,  and  is  ccmverted 
into  vapour  at  a  degree  between  the  melting  point  of  tin  and 
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kad.  Like  sulphur,  it  is  Dearly  insoluble  in  water,  but,  like 
it,  is  taken  up  more  plentifully  by  fixed  and  volatile  chIs. 
Whether  in  the  ocHicrete  state  or  dissolved  in  its  menstrua, 
phosphorus  b  luminous  in  the  dark.  It  is  extremely  com- 
bubble,  the  heat  of  the  hand,  or  the  subtest  friction,  bdng 
adequate  to  set  it  on  fiie.  The  quantity  of  heat  given  out 
during  its  combustion  is  very  great,  and  the  scald  which  it 
oocasbns  has  some  resemblance  to  that  produced  by  ccmtact 
with  a  minute  particle  of  fluoric  acid.  This  interesting  sub- 
stauce,  though  it  occurs  in  many  situations  in  the  inorganic 
kingdom,  is  not  produced  in  great  quantities.  There  are  a 
few  minerals  in  which  it  exists,  and  is  found  among  the  debris 
of  their  analyses,  in  union  with  oxygen  and  a  base.  But  its 
diaiHCteristic  region  of  development  is  the  animal  structure. 
There  it  seems  to  exist  in  greater  or  less  quantity,  in  every 
fluid  and  solid,  and  it  constitutes  a  large  part  of  the  bones  of 
v^tebrated  animals.  In  the  voltaic  focus,  and  all  vigorous 
caqperiments  to  decompose  it,  like  sulphur,  phosphorus  gives 
off  hydrogen ;  but  its  symmetry  is  so  perfect,  and  the  repuU 
skm  on  the  axis  so  small,  that  probably  it  may  be  Icmg  be- 
fore it  be  decomposed  in  a  notable  manner.  Its  synthesis, 
however,  is  constantly  exhibited  within  us  and  around  us. 
Oxen  on  a  meadow  cannot  get  phosphorus  to  eat,  yet  it  is 
formed  in  their  bones  sometimes  in  ounces  every  day. 

As  was  implied  when  its  inflammability  was  stated,  phos- 
phorus unites  readily  with  oxygen,  and  the  substances  which 
result  are  very  analogous  to  those  of  sulphur,  with  this  difie- 
rence,  that  the  ratio  most  nearly  approaching  to  saturation, 
is  not  S  of  the  combustible  to  3  of  oxygen,  as  in  the  case  of 
sulphur  (oil  of  vitriol),  but  2  to  2  or  equality.  Its  greater 
lightness  and  etherial  nature  also  impart  to  it  greater  mobility, 
and  the  compounds  which  it  forms  with  hydrogen,  though 
analogous  to  the  sulphuretted  hydrogens,  are  more  numerous, 
possess  suU  less  stability,  and  are  not  known  to  be  charac- 
terised by  acid  properties. 

Fumes  of  Phosphorus,     Phosphoric  Acid. — ^When  phos- 
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{iImtus  bunii  in  comaon  w  it  is  uBilinglo  osygen*  Whn 
bttmed  in  vital  air  the  opinfauatioi^  it  moal  brilliaDt»  andmhila 
finnes  mnnount  the  flame,  whi^  are  fct  a  tana 
Theae  fiuMa  (Kg.  54)  ponaai  ar  itnictiim 
fiiiBea  of  buning  aulphur  or.  adcmuniy.aiid  comqpand  t^ik9 
mlflwrfwiiaj wlf nintt% and aiaanic  aaida.  Tbcydonoi 
in  a  giiaaiia  itaie,  butt  aggregate  into  wluta  flakea  Iflca, 
dwomwjmid  ooodenae  on  aurrotindii^  JwdJefc  The  iatki.«f 
piMpborui  and  osygan  it  8 :  10^  andtotbitof  tbavilalaii 
cqmudmnI  is  that  of  8  to  spne  nnmber  a  fittlele8alhffk.lL 
This  esphdns  the  anemaloiis  lesults  ohtainrd  bjr  nodi^  the 
wdgliC  of  vital  air  absorbed  in  the  one  ease,  and  theqnanli^ 
of  oaygea  evolved,  viwi  ii  is  determiaed  othsndse  thaabf 
owabutieo.  Thus,  Sir  H.  Davy  fiNiBdt  thai  100 
phospbonis,  to  btfgfy  phosphoric  acid,  consumed  ISffj 
of  iMI  air.  While  If.  DuloDg  haviQg  dissngi^ed  the  0091^ 
gm  fiom  phenphoric  acid  by  chlorine^  estimated  that  100 
grains  of  phosphorus  were  united  with  184.8  ct.  mfgm^ 
Now,  8 :  10  «  100 :  1CS»  mbkh  are  the  true  r*T'*f*T^. 
slmtist  esactlv  those  ef  Dulons^    Bv  notinsr  the  weidifc  ef 

move,  or  from  136  to  1S7'5  parts,  as  found  by  Sir  H.  Divy 
and  others. 

Vniile  phosphoric  acid  is  kept  dry,  it  constitutes  a  wfalla 
floocuknt  substance,  but  on  the  least  access  of  moistura^  the 
particles  group  themselves  around  a  particle  of  water,  in  the 
same  way  as  the  sulphur  and  oxygen  in  ml  of  vitrol,  or  the 
five  particles  of  arsenic  add  in  a  hydnvraolecule  of  the  same. 
Three  partides  of  add  attach  themsdves  to  the  equator,  and 
two  others  insert  thdr  poles  into  those  of  the  partide  of  wi^ 
ter,  as  in  Fig.  65.  The  atomic  wdght  of  a  single  partide 
of  phosphoric  add  is  18,  that  of  a  quinate  hydro-molieule 
(6  X  J8)  +  18  s=  102.  A  fully  hydrated  mdecule  most 
require  5  partides  of  water  for  each  pde  of  the  mdeeoh^ 
6  for  the  equatorial  parts,  and  8  for  the  three  naked  poles 
of  the  phosphorus  in  the  equatorial  particles  of  add,  amount- 
ing  hi  all,  the  nucleus  induded,  to  90  partides  of  water  Ibr 
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5  of  add.  A  angle  particle  fully  hydrated  when  the  bare 
pole  is  engaged  in  union  with  a  base,  possesses  five  particlesi 
cotiesponding  to  the  five  edges  of  its  oxygen. 

Hydrophoqphoric  acid  absorbs  water  till  it  becomes  an  oily 
liquid,  like  cnl  of  vitrol.  Its  difference  of  form  and  struc- 
ture impart  to  it  different  properties  in  other  respects.  Thus, 
dxmgh  it  is  intensely  sour  like  the  other,  it  does  not  corrode 
the  skin.  It  is  also  much  more  reluctant  to  rise  in  vapour, 
^requiring  a  red  heat  By  such  a  treatment,  all  the  water 
may  be  driven  off,  except  that  engaged  in  the  structure  of  the 
molecule,  which  is  retained  with  such  force  that  chemists  are 
not  agreed  respecting  its  quantity.  The  true  ratio  is  11.8 
per  cent.  Bose  states  it  at  9.44,  and  Dulong  at  17.08.  When 
aH  the  water  not  essential  has  been  driven  off,  the  acid  consti- 
tutes a  vitreous  body,  which  has  been  called  Glacial  Phospho. 
ric  Acid.  In  consequence  of  the  comparatively  weak  affinity 
of  phosphorus  for  other  bodies,  this  acid  is  decomposed  with 
difficulty. 

-  Phosphoric  acid  constitutes  about  half  the  earth  of  bones, 
and  enters  into  the  constitution  of  some  rare  and  curious  mi« 
nerals,  united  to  lime,  alumina,  copper,  iron,  lead,  and  some 
other  bases.  The  balance  of  affinities  in  phosphoric  acid  is 
more  perfect  than  in  oil  of  vitriol.  Hence  there  is  a  greater 
difficulty  of  developing  other  compounds  of  phosphorus  and 
oxygen,  as  they  constantly  tend  to  produce  phosphoric  acid. 
Three  others  have  been  identified. 

Phosphorous  Acid  (Davy)  ? — It  may  be  generated,  and 
the  ratio  of  its  elements  at  the  same  time  indicated,  by  sub- 
liming  phosphorus  through  corrosive  sublimate,  with  a  view 
to  generate  a  compound  of  chlorine  with  a  particle  of  phos- 
phorus on  each  pole.  When  this  body  is  mingled  with  wa- 
ter, both  are  decomposed;  the  chlorine  gives  rise  to  mu- 
riatic acid,  and  there  remain  oxygen  and  phosphorus  from  the 
decomposition  of  every  particle  of  the  chloride,  in  the  ratio 
of  1  particle  of  oxygen  to  2  of  phosphorus.  It  is  a  some- 
what volatile  substance,  inflaming  in  the  air,  and  giving  rise 


OF  VHOfTHOBiys.  9$$ 

to  phiMplioric  acid.  The  ham  m  jnbMj  that  of  a  qvalw- 
nate  mobenle  of  pboaphonu,  with  two  partidea  of  uijfii 
one  on  each  pde  of  the  central  axii,  and  oonieqtientlf  anihr 
to  the  hypoedphureous  acid  of  Gay-Lnnac  Iti 
weight  is  probably  5S;  or,  if  it  ooniist  of  two  paitklaa 
phoephonu,  one  on  each  pole  of  the  oxygen,  it  is  tt. 
may  alao  be  generated  by  mibliming  phosphonia  m  \ 
The  quantity  of  oxygen  per  cent,  is  6tLB ;  ralnihUid  avftal 
air  it  is  07 A  as  exactly  found  by  Davy.  But  tUs  add  iam 
not  poMSSs  stability. 


JTJKpqpAoipAoftNtf  Acid  (Dulong)  ?— This  add 
the  Ibrm  of  the  corresponding  hyposulphursous  add,  and  dIL 
fers  from  the  preceding  in  ha?  ing  parted  with  OM  of  dm 
particles  of  oxygen  firom  its  pole  It  agrees  with  dm  hyp^ 
sulphureous  in  forming  very  soluble  salts.  Like  it,  also^  il  is 
a  deoxydidng  agent.  Its  atomic  weight  is  48,  and  ita  tpm^ 
tity  of  oxygen  half  that  in  the  phosphorous  acid  oTDstfy. 

Photpkonms  Add  (Dulong)  ?  Hydrophotpkonmi  Jdd 
(Davy)  ?^The  foregoing  unstsble  bodies,  when  unilsd  to  wn- 
ter,  probably  amume  several  shapes,  imtil  they  eflbcC  thair  «^ 
solution  into  a  hydro^S-molecule  of  phosphoric  addy  whieh  is 
both  a  quiescent  form,  and  possesses  individuality  without  ex^ 
oesrive  magnitude.  Of  the  probable  forms,  there  ate  two 
which  are  eminent  for  their  symmetry.  One  of  these  possesses 
the  gmeral  contour  of  oil  of  vitrei,  with  this  difference^  that 
the  three  particles  of  oxygen  on  the  equator  have  three  of 
phosphorus  on  their  poles,  constituting  three  of  phosphoric 
add,  while  the  central  phosphorescent  poles  are  yet  naked. 
The  atomic  weight  of  this  add  is  SSL 


Phoephonis, 

5   X      8  •  40 

OiTgen, 

3    X    10  •  90 

Water, 

1    X    It  «  IS 

l^iosphi 
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and  7fi.  Now  the  ratios,  in  the  phosphorous  acid  of  Do- 
long,  were  100  and  7488,  which  almost  agrees  with  that  of 
Bendius.  This  is  the  acidwhicbi  umt^  to  bases,  gives  rise 
to'lhe^pbosphites,  in  which  there  is  usually  a  particle  of  base 
an  aadb<pole« 

r»ijPkoiphatic  iioid-^The  tnostsynmietricalmolecdle  is  when 
t«D/pirtiQkB  of  quinate  hydro-molecules  of  phosphoric  add 
have  only  one  particle  of  oxygen  common  to  both ;  and  this 
form  appears  to  be  generated  abundantly  when  phosphorus 
is  exposed  to  damp  air,  and  enters  into  union  with  oxygen 
and  iNMter  .too^slowly  to  form  phoiqdMxric  acid  at  on^  In  its 
odiistnictioo  it  is  imakgous  to  the  native  boradc  acid.  In  its 
genesal  characters  it  resembles  hydrated  phosphoric  acid,  but 
itjpassesses  the  odour  of  phosphcurus ;  aad,  by  the  iapj^cation 
of  jheat^  it.  gives  out  its  excess.  Its  atomic  wei^t  is  194,  and 
wAmoL  bases  are  presented  it  breaks  up  into  phosphoric  and 
hydrophosphorous  aeids.  The  ratio  at  its  phosphorus  and 
oxygen  is  100  and  112.5.  In  M.  Thenard^s  synthesis  of  the 
acUl,  100  parts  of  pbosphcrus  became  110.89  by  the  absorp- 
tioo  of  oxygen.  This  molecule  is  very  analogous  to  some  or- 
ganic molecules.  It  is  permanent  in  the  air  and  oxygen  gas, 
at  ordinary  temperatures,  for  there  is  not  a  bare  pole  of  phos- 
phorus exposed  to  the  incidence  of  oxygen.  By  the  applica- 
tioa  of  heat,  and  by  the  accession  of  one  parUde  of  oxygen  to 
every  molecule,  it  breaks  up  each  molecule  into  two  hydro. 
quinate  molecules  of  phosphoric  acid,  which  is  the  limit  of  all 
the  ocHnpounds  of  phosphorus  and  oxygen.  This  acid  is  com- 
monly regarded  as  a  compound  of  phosphoric  acid  and  phos- 
phorus,  which  certainly  there  is  no  occasion  to  dispute. 

Besides  these,  two  oth^  adds  of  phosphorus,  though  of 
delicate  structures,  seem  possible.  One,  in  which  all  the  poles 
of  the  quatemate  molecule  of  phosphorus  are  covered  by  par- 
ticles of  oxygen,  in  a  combination  producing  a  form  analo- 
gous to  the  dry  hyposulphuric  acid ;  the  other,  in  which  the 
three  symmetrically  related  poles  of  a  quatemate  molecule  are 
covered.  Others  may  also  be  ocmstmcted,  but  the  tendency  to 
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aflMiBe  the  very  nmple  form  of  pbospboric  add  ii  so  greal  ai 
probably  to  prevent  their  devekypment.  The  oonpounds  of 
oxygen  and  phosphorus,  then,  may  be  thus  expressed : 

PhofpbonM.     OzTRcn.     Wdglht.        Phoipiierut.     Osfpfc 
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PkoiphoTus  and  Hydrogen. — The  restlessness  of  phospho- 
rus Is  remarkably  shewn  in  its  compounds  with  oxygen ;  but 
it  is  still  more  conspicuous  in  those  with  hydrogen;  and 
many  doubtless  will  be  its  evolutions  in  the  animal  syslem, 
until  h  find  repose  in  the  bones. 

Of  all  the  properties  of  phosphoretted  hydrogen,  none  is 
so  interesting  as  its  spontaneous  inflammability  in  the  «r. 
A  bubble  of  this  gas^  as  soon  as  it  escapes  into  the  atmo- 
sphere, takes  fire  with  a  gentle  explosion,  and,  after  a  mo* 
mentary  flame,  the  add  fumes  ascend  in  beautiful  ringfeta. 
One  of  these  inflammable  varieties  is  analogous  in  its  stnae- 
ture  to  sulphuretted  hydrogen,  and  may,  like  it,  be  best  pfo- 
cured  by  a  phosphuret  deposited  in  water,  such  as  that  of 
lime.  The  phosphuret  and  water  are  decomposed  together. 
The  hydrogen  escaping  from  the  water  unites  with  phospho- 
rus, and  they  ascend  in  the  same  state  of  combination  as  sul- 
phur  and  selenium,  that  is,  a  quatemate  molecule  of  phos- 
phorus has  a  particle  of  hydrogen  on  each  pole ;  and  the 
figure  of  sulphuretted  hydrogen  (Fig.  49)  will  serve  well 
enough  to  illustrate  both. 

The  refractive  power  of  the  compounds  of  phosphorus  and 
hydrogen  is  extremely  great,  being  surpassed  only  by  hydro- 
gen itself.  Their  exclusive  action  upon  the  radiant  medium 
may  therefore  be  inferred  to  be  very  great.  But  phosphorus, 
like  sulphur,  is  always,  when  mingled  with  radiant  matter,  sub- 
ject to  the  inddence  of  three  atoms  in  every  single  particle, 
and  nine  in  every  quatemate  nucule.  This  state  of  things 
would  lead  us  to  expect  that  experiment  would  be  the  b^ 
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guide  to  the  weight  of  these  gases ;  but  they  are  so  perpe- 
tually changing,  and  subject  to  be  mingled  with  free  hydro- 
gen, that  apparently  the  most  discordant  results  have  been 
obtained.  Disregarding  the  radiant  medium  altogether,  that 
18^  assuming  that  the  exclusive  power  of  the  phosphoretted 
gas  is  adequate  to  balance  the  accidental  atoms  with  which  it 
may  become  charged,  100  inches  of  this  gas  ought  to  weigh 
about  27  grains*. 

Dr  Thomson  has  investigated  and  described  the  properties 
of  this  gas  in  a  very  satisfactory  manner.  The  weight  of 
100  inches  was  found  S7.5  grains.  As  every  particle  consists 
of  rix  parts,  four  of  phosphorus  and  two  of  hydrogen,  it  is 
easy  to  see  what  quantity  of  oxygen  will  be  required  to  re- 
solve it.  Its  particles  are  only  half  as  densely  disposed  as 
the  molecules  of  vital  air.  Hence,  six  particles  of  oxygen,  or 
three  molecules,  will  be  supplied,  by  adding  one  volume  and 
a  half  of  vital  air  to  one  volume  of  the  inflammable  gas. 
In  this  case  it  will  be  wholly  resolved  into  water  and  phos- 
phoric add.  It  may  also  be  happily  resolved  into  water  and 
phosphorous  acid,  by  supplying  four  particles  of  vital  air  to 


*  Perhaps  its  real  weight  may  be  made  up  in  this  waj : — 
Weight  of  the  same  number  of  particles  as  in  100  inches 

of  common  air,  deduced  from  the  relative  atomic  weight  Gnim- 

and  specific  gravity  of  common  air,                      .            .  40 

Twice  as  much  hydrogen  as  is  in  100  cubic  inches,    .            .  4.2 

As  many  atoms  as  in  sulpHuretted  hydrogen,  or  9  atoms,     .  13.5 

06.7 

A  molecule  of  radiant  matter  excluded  by  every  particle  of 

the  fetid  gas,  1.5   X  8,  .12 

54.7 

Such,  according  to  this  view,  would  be  about  the  weight  of  the  same  num. 

ber  of  particles  as  in  100  inches  of  common  air,  but  the  phosphoretted  hy- 

drogen  has,  in  100  cubic  inches,  only  half  the  number  of  particles ;  there. 

54  7 
finre  100  inches  will  weigh  ^  s  27*4  grains.    But,  even  supposing  this 

view  correct,  the  weight  of  the  radiant  matter  is  so  rudely  guessed  at, 
ihftt  only  an  spproximatioii  could  be  expected. 
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everjr  particle  of  the  inflaminable  gas,  that  is,  two  lo  tatm 
water  with  the  two  parUdes  of  hydrogen,  and  two  to  theqni^ 
temate  molecule  of  phoaphorut,  to  form  two  of  phoipbomiB 
acid.  But  four  particles,  or  two  molecules,  of  vital  air  oi^ 
cupy  the  same  Toluroe  as  one  of  phosphoretted  gas ;  hcaes^ 
lor  this  purpose,  equal  volumes  of  the  two  gases  will  be  v^ 
quired.    These  results  have  been  found  by  Thomson. 

A  similar  resolution  may  be  eflected  by  supplying  oiygau 
in  umon  with  nitrogen,  which  serves  also  to  illustrate  dm 
stmclure  of  the  nitrous  gases.  Thus,  if  nitrous  gas  be  ia- 
fnsed,  it  is  evident  that  twice  as  great  a  volume  will  be  «^ 
quired  to  do  the  same  thing  as  of  vital  air ;  Ibr  half  the  omj^ 
gen  in  vital  ur  is  here  replaced  by  a  particle  of  nitn^gen^  aad 
the  leaduum  will  be  a  volume  of  nitrogen  equal  to  half  tha 
bulk  of  the  nitrous  gas  employed.  If  intoxicating  gas  ba 
used  for  the  decomposition,  the  same  volume  is  necessary  as 
in  the  case  of  nitrous  gas ;  but  the  quantity  of  leaduary  ai« 
trogen  is  double  that  when  the  latter  b  used,  or  equal  to  diat 
of  the  intoxicating  gas  admitted ;  for  every  partide  is  ade^ 
quate  to  constitute  a  molecule  of  nitrogen,  in  the  same  place 
whidi  itsdf  occu[ned  before  destruction.  These  experiment 
tal  results  have  also  been  obtained  by  Tbomscm.  Phoqiho. 
retted  hydrogen  may  also  be  decomposed  by  chlorine,  and 
its  nature  shewn. 

This  gas,  however,  is  not  quiescent,  and  when  suffered  to 
stand  over  water  or  mercury  for  some  days,  it  undergoes  a 
change  of  structure.  The  simplest  resolution  is  that  in  which 
every  particle  breaks  up  into  two,  one  of  which  has  the  phoa- 
phorus  and  hydrogen  in  the  same  ratio  as  formerly,  one  par« 
ticle  of  hydrogen  having  a  particle  of  phosphoros  on  each 
pde,  and  the  other  a  particle  of  phosphorus  with  one  of  hy« 
drogen  attached.  This  change  must  be  accompanied  by  the 
disposition  of  a  fourth  part  of  the  phosphorus,  as  found  by 
Dr  Thomson.  The  biphosphoretted  gas,  the  former  of  the 
two  just  mentioned,  may  again  resolve  itself  into  the  true 
qMNitaneous  inflammable  gas,  or  that  consisting  of  a  quater- 
nate  molecule  of  phosphorus,  with  one  of  hydrogen  on  each 
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pole.  The  other,  or  that  which  conrists  of  a  particle  of  each 
of  fksooDStituents,  remains ;  and  if  it  were  removed,  the  phos- 
phoretlfid  hydrogen  might  again  grow  and  decay,  as  formerly, 
and  thus  a  sort  of  evolution  go  on  in  a  very  beautiful  man* 
n«.  This  introduces  us  to  another  phosphoretted  hydrogen 
gas,  oonnsting  of  a  particle  of  each  substance. 

BjfdrqAoiphoric  Gm  (Davy). — This  gas  may  be  directly 
procured  by  heating  solid  hydrophosphorous  add  out  of  con- 
tact  ol  air.  A  particle  of  phosfdiorus  is  converted  into  phos- 
phoric acid  by  the  decomposition  of  fme  particle  of  water. 
Tlus  relieves  one  particle  of  hydrogen,  which  unites  with  the 
other  of  [Aiosphorus  not  yet  served  with  oxygen.  Every 
molecule  of  the  hydrophosphorous  acid,  then,  can  break  up 
into  four  of  phosfdioric  acid,  and  one  of  hydrophosphoric  gas 
escapes.  The  gas  which  thus  results,  considered  in  binate 
mdlecules,  possesses  the  usual  density ;  or,  oonadered  in  rela- 
tioQ  to  the  number  of  its  particles,  is  as  dense  as  vital  air. 

Disregarding  the  radiant  matter,  100  cubic  inches  ought 
to  weigh  (18.26  x  2)  +  (2.1  x  2)  =  28.7  grains,  or  to  pos- 
sess a  specific  gravity  about  twelve  times  that  of  hydrogen 
gas,  as  found  by  Davy,  its  discoverer.  As  in  the  former  case, 
therefore,  its  exclusive  action  upon  radiant  matter  seems  to  be 
nearly  adequate  to  balance  that  with  which  it  is  liable  to  be- 
come charged.  Every  binate  molecule  contains  two  particles 
of  hydrogen ;  hence  the  phosphorus  between  them  may  be 
rejdaced  by  a  quatemate  molecule  of  sulphur,  and  the  same 
number  of  particles  of  sulphuretted  hydrogen  generated,  which, 
occupying  a  double  volume,  expands  one  of  hydrophosphoric 
gas  into  two  of  sulphuretted  hydrogen.  The  same  phenomena 
must  happen  when  the  phosphorus  is  thrown  down,  and  the 
hydrogen  permitted  to  resume  its  natural  density.  It  evi- 
dently requires  one  and  a  half  or  two  volumes  of  vital  air  to 
ccmvert  it  into  water  and  phosphorus,  or  water  and  phosphoric 
acid,  as  found  by  Dr  Thomson.  This  gas  is  not  sponta- 
neously inflammable  like  the  other.  Both  poles  of  the  phos* 
pborus  are  protected  from  the  easy  access  of  oxygen.     These 
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two  gaset,  when  mixed  together  io  equal  proportions,  m  in 
the  iUte  into  which  the  ipflamfnahle  gas  ttandiog  over  vatar 
has  degenerated,  when  a  fourth  part  of  the  phoqihonia-hai 
been  deposited,  will  require  other  proportions  of  oxygen  loaan* 
vert  them  into  phosphoric  add  and  water.  Every  partide  of 
the  one  will  require  two,  and  every  particle  of  the  other  ikne 
of  oxygen.  The  gas,  when  degenerating  into  this  states  was 
not  found  to  experience  any  change  of  volome ;  henoe  five 
partiplea,  or  two  molecules  and  a  half  of  vital  air,  are  equal 
to  consume  one  vdume  and  a  quarter  of  the  inflammable  gas^ 
and  this  has  been  found  by  Dr  Thomson. 

We  might  conceive  the  ultimate  state  of  the  mixed  gaasato 
be  a  very  beautiful  molecule,  composed  of  a  particle  of  phoa- 
phoretted  hydrogen,  with  one  of  hydrophoqphoric  gasonaaah 
of  the  pedes,  bearing  a  certain  general  resemblance  to  hypoadU 
phuric  add,  and  occupying  double  the  volume  of  the  ooitial 
body,  and  four  times  that  of  hydrogen,  nitrogen,  &c.  There  is 
nothing  unreasonable  in  supposing  a  gas  of  this  density,  and  it 
will  be  afterwards  shewn,  that  as,  in  the  present  case,  it  is  ne- 
cessary to  assume  this,  if  we  impart  the  most  symmetrical  po- 
sition to  the  partides,  so  in  the  case  of  the  fluo-silidc  acid. 
In  both  cases,  however,  the  supposition  may  be  avoided  with 
equal  ease. 

PerphosphoretUd  Hydrogen  (Dumas)  ? — We  found  that, 
in  sulphuretted  hydrogen,  one  of  the  particles  of  the  hydros 
gen  was  in  8ome  cases  disengaged,  and  the  supersulphuretted 
hydrogen  resulting  was  a  quatemate  molecule  of  sulphur 
united  to  one  of  hydrogen,  and,  in  this  case,  an  oily  volatile 
liquid  was  generated.  When  we  consider  the  more  buoyant 
nature  of  phosphorus,  we  might  naturally  conclude  that  such 
a  body,  the  sulphur  being  replaced  by  phosphorus,  would  be 
gaseous,  though,  from  want  of  buoyancy,  it  would  only  be  of 
the  usual  density.  The  weight  of  100  cubic  inches  of  this 
gas,  disregarding  the  radiant  matter,  would  be  51.1  grains; 
and,  supposing  it  fully  charged  with  radiant  matter,  and  the 
exdusive  power  of  the  particles  the  same  as  in  the  other,  it 
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would  be  (51.1  +  18.5  —  12)  =  52.6.  Now,  M.  Dumas 
weighed  a  phosphoretted  hydrogen,  which  seemed  to  be  of  a 
homogeneous  nature,  and  its  specific  gravity  was  1.761,  which 
corresponds  to  58.7. 

> 

Pho8phoreUed  Hydrogen  (Davy'^s  Elem.)— Besides  these 
pboqphoretted  hydrogens,  it  might  be  expected  that  others 
should  be  developed  in  which  the  hydrogens  penetrated  to 
the  centre  of  the  phosphorus,  and  replace  the  atoms  which 
niay  have  been  derived  from  the  radiant  medium.  The 
simplest  form  which  could  result,  in  this  way,  would  be  one 
particle  of  phosphorus  with  three  of  hydrogen  (Fig.  56),  ana- 
logous to  the  arsenicated  hydrogen.  The  poles  of  the  phos- 
phorus being  completely  exposed,  spontaneous  inflammability 
might  be  expected,  but  it  would  be  distinguished  from  others 
by  its  great  levity.  It  contains  so  much  hydrogen,  that 
we  may  suppose  it  as  buoyant  as  the  other  spontaneously 
inflammable  sort,  and  then  100  inches  would  only  weigh 
1M5  4  68 ^  g.3  g^^jg     j^Q^^  gjj.  jj  jj^^y  obtained  from  the 

action  of  alkaline  lixivia  upon  phosphorus,  a  spontaneously 
inflammable  gas,  only  four  times  the  specific  gravity  of  hydro- 
gen, which  is  about  9  grains ;  and  it  possessed  the  character 
proper  to  the  constitution  of  such  a  gas  as  here  assumed. 
Were  the  phosphorus  of  this  gas  thrown  down,  the  hydrogen 
would  evidently  occupy  1 J  times  the  volume  of  the  gas  de- 
stroyed, or  an  expansion  of  one-half  would  follow ;  and  Davy 
found  that,  in  these  circumstances,  as  by  the  action  of  hot 
potassium,  two  volumes  became  rather  more  than  three,  which 
consisted  of  pure  hydrogen.  But  where  this  gas  is  deve- 
loped, others  may  also  be  expected,  and  this  will  increase  the 
weight,  and  modify  the  result.  In  the  same  way,  a  quater- 
nate  molecule  of  phosphorus  may  receive  three  particles  of 
hydrogen  in  the  concave  equatorial  regions  of  the  lateral  par- 
ticles, or  on  their  three  analogous  poles.  Such  a  gas  would 
weigh  about  28  grains;  and,  when  decomposed,  would  yield  a 
volume  and  a  half  of  hydrogen.    Again,  three  particles  of  phos- 
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phoroB  may  be  aooommodated  on  the  three  equttorial  tdgm 
of  ■  perlirlfi  nf  hjrlrngm,  frnm  irhirh  Trill  rrnilf  ■  gm  ht ifliiin§ 
■bontSOgndnt.  Upoo  the  whole,  the  variety  of  phcMpharaltad 
hydrogent  ia  extreme;  and  no  doubt  any  one  who  will  taka 
the  pafaie,  will  be  able  to  ihew  that  the  apparent  diirrtpanein 
in  die  analytet  of  different  chemiits  of  the  fint 
aiMe,  aa  is  ueual,  from  their  examining  different  sul 
which  their  different  ityles  of  manipulating  evolved. 

The  epontaneoua  inflammability  of  thoee  varietiei  wkhh 
have  the  polea  of  the  phosphorus  naked,  render  them  corioasi 
but  the  phoqphoretted  hydrogens  are  not  known  to  peifaim 
any  interesting  part  in  the  economy  of  nature.  Their  pa^ 
dnction  seems  to  be  oonfined  to  the  laboratory.  The  simpkst 
ibrms  are. 


A  qusieniale  molecule  pboiphonii, 
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A  puticle  of  phoqihorua 
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Phosphorus  and  Stdphur  unite  in  all  proportions;  and, 
as  in  the  case  of  the  union  of  sodium  and  potassium,  which 
bear  to  each  other  somewhat  analogous  relations,  and  aUoys 
of  allied  substances  generally,  the  resulting  substance  is  more 
fluid  than  either  by  itself.  A  large  and  very  symmetrical  OK^ 
lecule  results,  when  a  quatemate  molecule  of  sulphur  has  on 
its  single  pole  a  quatemate  molecule  of  phosphorus,  and  on  its 
tripartite  pde  three  particles  of  phosphorus.  In  this  mole- 
cule the  ratio  of  sulphur  and  phosphorus  is  that  of  40  to  88, 
or  5  to  7,  as  found  by  Mr  Faraday.  The  mass  thus  consti- 
tuted  remains  liquid  at  the  freeiing  point  of  water. 


(   soa   ) 
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TxmccAlndB^giMi  of  Am  jMA^nmBj  chemical  Bubttances 
of  a^cfy  peculuur.charaefeerf  and  diflcrent  from  thoae  which 
am  Smadf  in  amikr  poritioDB)  in  other  qiiarten  of  (he  world. 
It  hokky  aait  weie»  the  aame  place,  in  idatioo  to  its  imu^gataic 
SanoMj  that  Austnlia  does  in  relation  to  its  organic;  and 
donbtleis  if.  <»JwMMyiA  Jiad  the  same  curiosity  as  naturalists  to 
wnadcr  over  the  £M3e  of  the  earth  with  a  view  to  discover  eu^ 
fiMis  things,  and  contemfdate  the  aspect  of  nature  in  every 
dine^  a  rich  harveat  of  discovery  would  attend  a  journey  to 
the  lakes,  springs^  caves,  and  mountains  of  central  Asia. 

Among  the  saline  bodies  whidi  have  long  been  brought 
from  the  east,  is  crude  borax  or  tincal,  with  whose  natural 
origin  chemists  have  not  yet  made  us  acquamted,  though  it 
has  been  well  known  in  Europe  for  many  ages.  It  is  said  to 
be  the  secretion  firom  the  superficial  watm  of  a  lake  wboae 
inferior  strata  contain  commcm  salt,  to  be  held  in  sdution  by 
certain  springs,  and  to  effloresce  on  certain  soils.  It  is  sud 
also  to  occur  in  the  analogous  region  of  South  America,  and 
lo  be  met  with  in  small  quantities  elsewhere.  Borax  is  a 
pinguious  saline  body ;  and,  by  treating  it  with  oil  of  vitriol,  a 
substance  is  disengaged  which  forms  thin  white  scales.  The 
taste  oi  this  scaly  mass  is  rather  insipid,  considering  that  it 
has  been  disengaged  from  an  alkidi  which  it  neutralized  as  an 
add.  It  is  rather  insoluble  in  water.  Its  solution  changes 
vqpetable  blues  to  red,  like  an  acid,  but  turmeric  paper  it  red- 
dens after  the  manner  of  alkalies.  In  its  effect  upon  colours, 
then,  it  exhilnts  both  an  acid  and  an  alkaline  reaction,  as  the 
oxide  of  tellurium  does  in  its  habitudes  with  bases  and  acids. 
It  is  soluble  in  alcohol ;  and  the  spirit,  holding  it  dissolved, 
bums  with  a  beautiful  green  flame,  which  readily  distin- 
guishes this  substance  from  others.  Boric  or  boracic  add, 
for  so  this  substance  is  named,  occurs  also  in  a  free  state, 
diiefly  in  volcanic  springs,  and  mudi  in  the  same  situation 
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as  oil  of  vitriol.  It  also  enters  into  certain  minerals,  in  trnkm 
with  lime  and  magnesia.  Its  base  is  so  tenacious  of  its  oxy* 
gen,  that  it  is  only  of  late  that  it  has  been  insulated,  and  hi 
defelopment  was  considered  so  great  an  achievemeot,  Aat 
chemists,  who  were  generally  above  such  feelings,  shewed 
themsdves,  on  both  sides,  not  a  little  on  edge  about  the  prio^ 
rity  of  the  disooveiy.  MM.  Gay-Lussac  and  Thenard,  named 
iibore;  Sir  H.  Davy  named  it  boron ;  and  it  was  proved  to  be 
an  olive-coloured,  infusible,  insoluble*  inn[nd  substance,  flxed 
in  the  fire,  and  not  very  readily  combustible.  Its  devdop> 
ment  in  nature,  in  union  with  magnesia  and  lime,  and  aaso^ 
dated  with  iron,  induces  the  belief  that  some  part  of  its  form 
is  that  of  magnesium,  or  calcium,  or  iron,  which,  as  will  be 
afterwards  shewn,  have  certain  isamorphous  parts.  Its  Um^ 
city  of  oxygen  favours  the  o|nnion  that  the  region  to  which 
the  oxygens  are  attached,  is  parasitic,  or  consists  of  re-entrant 
edges,  conformable  to  the  equatorial  edges  of  oxygen.  It 
also  shews  its  relationship  to  sulphur,  by  uniting  to  it,  and 
occurring  in  similar  situations,  and  along  with  gypsum.  To 
phoq>horus  it  shews  its  analogy,  by  a  remarkable  resemblanoe 
between  the  glacial  or  molecular  phosphoric  and  boradcaddt. 
Upon  the  whole,  the  boracic  add  seems  one  that  is  generated 
out  of  the  sulphuric,  by  the  aid  of  magnesia,  lime,  or  iron. 

Now,  if  we  suppose  that  a  particle  of  sulphur  has  one  of  its 
poles  covered  by  three  atoms  (Fig.  57),  as  will  be  afterwards 
shewn,  that  pole  becomes  isamorphous  with  one-half  of  a  par- 
ticle of  magnesium,  and  it  also  becomes  parasitic,  and  requires 
three  particles  of  oxygen  to  supply  it.  Or,  if  the  particle  of 
sulphur  be  imperfect,  wanting  an  atom  on  the  pole,  instead 
of  which  it  receives  three,  it  is  then  isamorphous  with  half  a 
partide  of  calcium  ;  and  such  a  form  might  be  generated  bf 
the  incidence  of  a  particle  of  iron  instead  of  a  particle  of  hy^ 
drogen  into  a  panicle  of  sulphur,  defident  in  one  of  the  par- 
ticles of  hydrogen  constituting  its  poles. 

Boric  or  Boracic  AcicL^^Such  a  form  as  boron  is  evidently 
not  fitted  for  insulation,  however,  for  its  poles  are  not  sym- 


304  OF  BORON. 

metrical.  Hence,  on  its  reduction  to  the  pure  state,  it  will 
arrange  itself  in  temate  molecules,  (similar. to  those  after- 
wards to  be  noticed  under  iron,  &c.)  By  this  the  form  is 
rendered  symmetrical,  three  particles  of  boron  being  grouped 
round  a  triangular  bipyramidal  cavity,  isamorphous  with  a  par- 
ticle of  hydrogen.  Hence,  though  it  have  a  most  intense 
affinity  for  oxygen  in  particles,  still  it  will  shew  but  little  af- 
finity till  its  molecular  structure  be  destroyed  by  heat.  These 
anticipaUons  are  fulfilled  in  reference  to  boron ;  for,  while 
the  afiinity  of  the  latter  for  oxygen,  when  they  have  been 
united,  is  so  intense  that  they  can  scarcely  be  separated,  boron 
may  be  heated  in  vital  air  to  between  the  melting  point  of 
tin  and  lead,  without  burning.  A  little  above  560^  F.  it 
enters  into  vivid  combustion.  But  such  a  violent  action  as 
rapid  combustion,  even  in  cases  where  there  are  not  the  same 
difficulties  in  the  way  of  a  perfect  regeneration  of  a  natural 
body,  as  in  the  case  of  boron,  is  not  well  calculated  to  lead  to 
a  true  knowledge  of  the  composition  of  calces.  Sir  H.  Davy 
burned  a  grain  of  boron,  and  it  consumed  5.125  inches  of 
vital  lur,  which  indicated  that^  about  1.59  grains  of  oxygen 
had  combined,  and,  therefore,  13  of  boron,  or  one  particle, 
had  united  with  20.67  of  oxygen,  which  is  almost  exactly  two 
particles.  Now,  it  is  to  be  remarked  of  the  third  particle  of 
oxygen  presumed  to  exist  in  boracic  acid,  that  while  the  first 
two  are  placed  conformably  to  each  other,  the  third  is  not  so. 
It  would,  therefore,  require  a  higher  exertion  of  afiinity  to 
deposit  it ;  and  it  is  very  conceivable  that,  in  the  intense  heat 
and  repulsion  of  the  combustion,  the  boron  may  have  rested 
satisfied  by  two. 

MM.  6ay-Lussac  and  Thenard  acidified  a  portion  of 
b<NX>n  by  the  aid  of  nitric  acid,  and  it  increased  one-third  in 
weight.  Had  26  parts  become  36  instead  of  39,  it  would 
have  indicated  that  a  form  had  been  produced  analogous  to 
soda  or  magnesia,  when  their  metallic  bases  are  reduced  to 
natural  oxides,  in  which  two  particles  of  base  are  on  opposite 
sides  of  a  particle  of  oxygen.  But  the  experiment  was  only 
once  attempted. 
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Sir  H.  Davy  found  that  boracic  acid  contained  so  much 
oxygen  that  80  grains  of  potassium  were  required  to  reUava 
2^75  grains  of  boron.  Now,  as  will  be  afterwards  shewn,  SO 
grains  of  potassium,  to  assume  their  natural  and  quiesoaoi 
state,  demand  six  grains  of  oxygen ;  therefore,  itSlB  parte  of 
boffon  are  united  in  the  boracic  add  with  6  of  oxygen,  or  IS 
(the  atomic  weight)  of  boron  is  united  with  82.8  ot*  oxygen, 
which  is  as  nearly  three  particles  as  could  be  expected. 

Hydrogen  aj^peared  during  the  decomposition ;  and,  thoi^ 
this  may  have  arisen  from  the  destruction  of  a  few  particles  of 
boron,  the  af^)earance  of  hydrogen  in  such  circumstances  aL 
ways  gives  occasion  to  the  suspicion  that  water  was  deooni* 
posed,  and  this  would  account  for  the  small  excess  of  oxygeo. 

But  boracic  add  occurs  in  nature  in  a  free  sUte.  Are  we 
to  suppose  that  a  body  of  this  form,  with  three  partidea  of 
oxygen  towards  one  pole,  and  the  other  naked,  will  exist  witli- 
out  finding  some  base  with  which  it  may  enter  into  unioQ? 
It  is  much  more  probable  that  two  partides  of  boracic  acid 
front  each  other,  with  a  particle  of  oxygen  between  them,  in 
a  manner  analogous  to  the  phosphatic  add,  which  is  also  a 
very  permanent  add,  and  that  which  naturally  resulU  from 
the  slow  combustion  of  phosphorus.  An  acid  in  this  form 
can  have  much  less  tendency  to  combine.  Its  boron  is  26, 
and  its  oxygen  70.  Now,  Berzelius  states  the  proportions  of 
base  and  oxygen  in  the  natural  acid  at  26  and  74.65.  The 
atomic  wdght  of  this  add,  then,  is  96 ;  that  of  the  boracic 
add  of  the  laboratory  is  48.  But  how  will  the  latter  arrange 
itself  in  the  laboratory  ?  Two  particles  will  certainly  insert 
thdr  naked  poles  in  the  concaves  of  a  particle  of  water,  like 
sulphur,  phosphorus,  selenium,  arsenic,  &c. ;  and  then,  doubt- 
less, three  others  will  attach  themselves  on  the  alternate  seg- 
ments of  the  equator,  so  that  a  quinate  hydro-molecule  wiU  be 
generated  analogous  to  that  into  which  phosphoric  and  arsenic 
adds  resolve  themselves.  The  atomic  weight  of  this  add  is 
227,  aqueous  nucleus  included,  or  215  without  it  *.     Such 

*  The  atomic  weight  of  boron,  by  Berxelius,  is  l&S3l-=-S ;  and  that  of 

boracic  add  is  S15w7S  -r  8. 
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appears  to  be  the  structure  of  boracic  acid.  Like  the  analo- 
gous acids  of  phosphorus  aod  anenic,  it  tnelts  on  the  appli- 
cation of  heat  into  enamel,  and  otherwise  reeembleft  them. 
Pirerious  to  the  application  of  heat,  it  has  15  particles  of 
water  in  union  with  it ;  but,  in  the  glacial  acid,  according  to 
the  view  here  advanced,  there  is  only  6.8  per  cent  of  water. 
BoMeic  add  is  of  considerable  value  in  the  arts,  in  conse- 
quoice  of  its  power  of  taking  substances,  otherwise  more  in- 
ftndble,  into  fusion  akng  with  it  Hence  it  is  used  as  a  flux 
m  soldering,  and  in  experiments  with  the  blowfupe.  Its 
moat  interesting  compounds  are  those  with  soda,  lime,  mag- 
oeria,  and  the  fluoric  prindple  afterwards  to  be  noticed.  In 
this  part  of  the  system,  indeed,  the  fluoric  principle  ought  to 
be  introduced,  but  it  will  be  more  convenient  to  treat  of  it  in 
connexion  with  silicon,  to  which  it  is  related  in  the  same  man- 
ner as  boron  is  to  magnesium,  or  rather  lo  iron  if  we  suppose 
its  oxygerent  pole  hollow,  and  such,  probably,  will  be  found 
to  be  the  character,  at  least,  of  the  boron  in  the  datolite  found 
assodated  with  iron. 


THE  VOLATILE  ALKALI  AMMONIA. 

Ammonia  has  hitherto  been  justly  considered  one  of  the 
most  interesting  and  perplexing  substances  in  the  whole  sys- 
tem. By  one  method  of  decomposition  it  gives  indications  as 
if  it  had  a  metallic  basis,  and,  in  other  circumstances,  it  is 
wholly  resolved  into  two  common  and  light  gases,  which  ap- 
pear to  be  among  the  most  elementary  of  chemical  substances. 
I  believe  these  phenomena  are  well  explained  by  the  struc- 
ture now  to  be  assigned  to  it,  while,  at  the  same  time,  its 
relations  to  other  substances  are  indicated  in  a  satisfactory 
manner.  It  is  true  that  it  gives  to  ammonia  an  atomic 
weight  considerably  more  than  those  assigned  by  most  che- 
mists ;  but  the  cause  of  this  will  be  easily  perceived ;  and 
analyses,  though  they  be  in  general  very  various,  are,  upon 
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the  wholes  more  fkvoufmUe  to  dial  ban  — igari,  thai  that 
cnrrnit,  which  it  tbout  t  sixth  ptft  lightar. 

AnMDoiiia  oocun  in  mture  united  viib  ONuiatio  acid  aaA. 
fUdduet  of  Mifaiiniation,  in  n>loanic  Tants,  and  teuffai 
whidi  caibooaoeous  strata  are  on  Ire.  In  unioo  with 
air,  it  is  alto  obtained  by  tlie  dry  disiilhitm  of  < 
animal  substances.  It  is  derdopsd  in  the  purest  water  of  (kn 
kiwimtory,  and  during  the  decompowtion  of  amaal  snbstanas^ 
W^atefy  hydrogen,  and  nitrogen,  are  tiie  tiwca  bodies  wMs 
whusls  It  seems  most  nmnediBlny  oonnecesd*  But  Kf  Smss 
day,  by  the  most  unobjectionable  experiments,  lias  shewn  fktk 
it  may  be  obtained  in  any  quantities  fWim  substanoes  wlisk 
contain  no  nitrogen,  and  apparendy  fiom  a  direct  unfcm  of 
hydrogen  and  water  *. 

When  speaking  of  nitrogen,  it  waa  renuulMd,  dwt  it  could 
not  be  made  to  unite  with  hydrogen.  This  arisss  fhsas  dm 
neoesmty  under  which  the  chemist  lies  of  operating  upon  wk 
trogen  in  binate  molecules  (Fig.  14),  in  which  the  mmhiidug 
ttfpot^  IS  locked  op.  IVhere  nitrogen  exlits  in  particks^  tlmns 
can  be  no  doubt  but  it  exerts  a  very  strong  aAnky  for  hydv^ 
gen,— «n  affinity  Tery  analogous  to  that  which  it  exerts  to^ 
wards  oxygen,  whercfin  the  symmetry  of  the  combination  is 
improved  by  a  complete  change  of  fcNtn.  A  determination  to* 
waonds  the  aqueous  fonn,  where  that  is  practicable,  is  always 
to  be  diacorered ;  and,  in  the  present  case,  the  conditions  ana 
finrouraUe  for  its  devdopment.  Suppose  there  are  two 
parddes  of  nitrogen,  each  with  one  of  hydrogen  on  ita  oom 
pole,  if  the  nitrogens  united  into  a  binate  molecule^  the  iiyu 
drogens  would  probably  be  discharged,  (unless,  indacd^  timsn 
be  in  the  animal  system  a  hydracid  composed  of  one  molecolo  of 
nitrogen,  and  one  of  hydrogen,  which  wouM,  probably,  in  ib^ 
living  body  very  soon  become  the  muriatic,  as  will  be  afWr- 
wards  shewn).     But  if  the  contact  of  these  two  particlsa  af 

*  Quarterly  Journal  of  Science,  Ka  xzstU. 
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nitrogen  were  preyentcd  by  the  interpositbn  of  a  particle  of 
hydrogen  between  them  (Fig.  61.),  then,  by  a  simple  oon- 
denttttion  of  the  tais,  the  whole  would  be  immediately  changed 
into  a  double  molecule  of  watefi  with  a  solid  axis  of  hydro- 
gen (Fig.  B8.y  This  is  a  particle  of  ammonia.  Its  atomic 
weight  is  96^  and  its  molecule  is  temate,  senate,  or  septenate^ 
as  m  the  case  of  watet.  The  atomic  weight  of  the  last  is  182. 
This  form  may  be  aho  immediately  generated  by  the  inci- 
dence of  a  partide  of  hydrogen  into  the  pole  of  a  particle  of 
water,  and  the  evolution  of  a  symmetrical  form  by  the  incl- 
denoe  of  another  particle  of  the  latter  on  the  other  pole  of  the 
hydrogen.  This  is  an  union  which  would  certainly  often  take 
fdaoe  in  the  laboratory,  were  it  not  for  the  determination  of 
free  hydrogen  to  the  gaseous  state. 

It  is  easy  to  see  how  this  form  may  also  be  developed  du- 
ring the  sublimation  of  carbonaceous  substances,  as  will  be 
afterwards  more  minutdy  shewn. 

The  phenomena  q£  the  decompositkxi  at  ammonia  are  very 
interesting.  When  treated  in  the  voltaic  focus,  in  such  a  way 
as  might  be  expected  to  insulate  its  metallic  basis,  if  it  had 
any  like  the  fixed  alkalies,  the  mercury  prepared  to  receive 
ft  becomes  scdid,  increanes  in  size  about  five  times,  with  an 
addition  of  weight  amounting  only  to  about  T^^th  of  the 
whole.  It  acquires,  at  the  same  time,  the  aspect  of  a  true 
amalgam  or  alloy  of  mercury  and  another  metal.  But  the 
compound,  whenever  an  attempt  is  made  to  insulate  the  metal, 
which  seems  to  be  amalgamated,  is  immediately  resolved  into 
mercury,  ammonia,  and  hydrogen.  For  this  purpose,  it  is 
only  necessary  to  shake  the  mass  a  few  minutes  in  a  glass- 
tube,  after  which  a  globule  of  common  mercury  occupies  the 
bottom ;  and  the  air  in  the  tube,  without  having  suffered  any 
diange,  contains  a  quantity  of  hydrogen,  and  ammonia  min- 
gled  with  it  *. 

Such  are  the  phenomena  presented  by  ammonia  at  the 

*  Gaj-LuMSC  et  Thenard,  Recherches  Physico-Chimiques,  t.  i.  p.  61. 
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aegatWe  fxile  of  the  voltaic  axis  io  oontad  with  mercuiy, 
Wbeiiv  i^Df  a  Toluiiie  of  ammoniacal  vapour  is  visited  widi 
a  suecstsion  of  eleotnc  disebarges,  it  is  found  to  be  wholly 
resolved  ioto  hydtogen  and  nitrogen.     Now,  these  seemingl^ 
anonaloiia  resolutioiis  naturally  arise  o«t  of  the  sCnKtore 
hsfisai^pied  to  it,  and  serve,  at  the  same  time,  to  point  tmt 
the  true  naUive  of  nitrogen,  and  the  influence  of  an  nnipohr 
eteebrie  state,  instead  of  natural  dectfical  repose.     Whstt 
nndsr  d^  metalliferous  induction  of  the  mercury,  and  of 
what  may  be  regarded  as  the  metalliferous  pole  of  the  vdtaie 
axis,  those  pnrtides  of  hydrogen,  which  are  not  attached  to 
the  axis,  are  given  off,  and  a  form  (Fig.  60.),  which  is  Chat 
ef  SHTSsnic,  without  iu  two  terminal  particles  of  hydrogen,  re. 
mains ;  into  the  concave  poles  of  this,  the  projecting  temate 
angles  of  the  mercury  are  probably  inserted,  which  gives  oc- 
casion to  those  arborescent  shootings  that  are  observed  to  take 
place.     When  the  electric  restraint  is  removed,  mercury  and 
•tnmnnU  are  regenerated;  and  were  this  to  take  phoe  with* 
out  the  »d  of  any  foreign  substances,  the  volumes  of  annmi. 
nia  and  hydrogen  resulting  must  be  two  of  the  former  to  one 
of  the  latter.  For  one  particle  of  ammonia  can  yield  as  much 
hydrogen  as  is  required  by  a  contiguous  one,  to  change  it 
into  ammonia,  and  a  particle  more  than  is  required :  every 
particle  of  ammonium  (Fig.  60.)  consists  of  7  of  hydrogen, 
and  it  wants  6  of  hydrogen  to  become  a  particle  of  ammo, 
nia :  hence,  during  the  destruction  of  the  septenate  molecule 
of  hydrogen  or  ammonium,  a  particle  of  the  volatile  alkali  and 
one  of  hydrogen  escape  together.     But  a  particle  of  the  vola- 
tile  alkali  occupied  double  the  volume  of  a  particle  of  hydro- 
gen.    Hence  we  see  the  accuracy  of  Davy's  statement,  that, 
in  the  most  accurate  experiments,  the  proportions  of  ammonia 
and  hydrogen  developed  in  such  experimenu  are  two  to  one 
in  volume.     Could  ammonium  be  obtained  in  a  free  state  for 
the  purposes  of  chemistry,  it  would  probably  lie  far  more 
powerful  in  obtaining  hydrogen  for  itself  out  of  other  bodies 
than  potassium  is  in  obtaining  oxygen.    This  form,  however 
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has  Dot  yet  been  made  to  exis^,  except  in  combination  with 
IWtalt,  which  it  renders  lighter  and  more  brittle. 

Such  are  the  phenomena  presented  by  ammonia  along  with 
ipercury. 

Yfimm  ammooiacal  gaa,  agun,  is  destroyed  by  the  violence 
of  the  d^ric  diacharge,  as  in  the  other  cose  alluded  to,  by* 
dfogw  18  H^  Aree ;  md  the  particles  will  evidently  depart  in 
paiiii  the  shock  wtucb  drives  off  one  acting  instantly  with 
aqusl  vioka^e  upon  that  which  corresponds  to  it  on  the  other 
side  of  the  equator.  There  remains  now  two  parts  composed 
of  hydrogen,  in  such  relations,  that,  were  it  not  for  the  axis, 
two  particles  of  oxygen  would  immediately  result.  But  the 
twisting  round  of  the  partides  into  the  form  oi  oxygen  is 
completely  prevented  by  their  engagements  parallel  to  the 
axis  with  the  central  particle  of  hydrogen.  Hence,  as  in  the 
case  of  cyanogen,  afterwards  to  be  described,  a  symmetrical 
form  is  evolved  by  their  union  at  the  poles ;  and  the  residual 
form^  after  two  particles  of  hydrogen  have  been  expelled,  is 
compoeed  of  two  particles  of  nitrogen,  with  one  of  hydrogen 
between  them.  The  next  shock  relieves  the  hydrogen ;  and 
thus,  from  the  destruction  of  every  particle  of  ammonia,  a 
molecule  of  atmospherical  nitrogen  and  three  particles  of  hydros 
gen  result  (Fig.  6S.).  This  electrical  analysis,  then,  is  the 
reverse  of  that  synthesis  by  which  it  was  supposed  tiiat  am- 
monia is  often  generated  in  decaying  animal  substances. 

In  relation  to  its  volume  in  the  gaseous  state,  ammonia  fills 
as  much  space  as  a  double  molecule  of  water,  with  which  it 
is  isamorphous,  or  as  two  volumes  of  the  aqueous  vapour, 
hydrogen  or  nitrogen  would  do.  And  when  each  particle  or 
double  volume  is  broken  up  into  four  parts,  the  resulting  vo- 
lumes ought  not  to  be  four  times  that  of  the  ammoniacal  gas 
destroyed,  but  only  double ;  and  it  is  universally  agreed,  that, 
were  the  decomposition  complete,  this  would  be  accurately 
found  to  hold. 

The  aqueous  and  the  nitrogenous  form  appear  to  be  curi- 
ously  combined  in  ammonia,  in  certain  cases  of  its  union 
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vkb  metaffie  pirtidet,  which  exert  a  poMrful  aedn  im  k^ 
dMidog  m  qittoate  dittribuliMi  of  purts.  The  reiok  is  V||> 
OB.  Thus,  when  ao  atmosphere  of  aniMiiiia  k  jitmi  omr 
hot  potaMium,  the  metal  enters  into  a  quinate  amuajgemMi, 
analogmie  to  that  which  it  does  with  chlorine  or  oajmh 
by  lestdTing  the  six  particles  of  hydrogen,  or  one  cf  th^poha 
of  the  ammonia,  into  a  perticlecfnilragsn;  aaddmchm^is 
ostaeqiiently  aooDnipeaied  with  the  dissngsgf  m«|  of  as  nwwfc 
hydn^  as  if  the  sme  quantity  of  potasrium  dsoompoiid 


Biieh  are  the  phenomena  of  the  destruction  of 
It  knot  to  be  expected  that  an  inaf]genicappaiatus  sboiddba 
adequate  to  its  deretopoMnt  in  ba^  quantities ;  far  mwM 
hydnifgsn  and  nitrogen  are  not  often  found  in  the  labrwniity> 
It  is  usually  obtained  by  discngi^ing  k  from  sel  ammfmib 
fay  the  eid  of  quiddhna 

Anuncnia  can  only  be  expected  to  prate  itself  to  belssif  l» 
the  temale  system,  and  to  shew  its  intimate  vdationsh^  la 
waler.  Digpgaiding  its  action  on  our  nerves,  whidi  |^  m 
most  complex  and  diflicultly  intelligible  intimations 
the  state  of  the  matter  which  touches  them,  ammoniaeal 
ot  vapour  comports  itself  very  like  steam.  When  kept  diyt 
it  k  indeed  a  permanent  gas  of  much  greater  dendty  than 
steam  at  ordinary  temperatures.  But,  like  alcohol,  and  ethcisb 
to  whidi,  as  will  afterwards  be  shewn,  it  possesses  osrtate 
rdatioos  of  form,  it  k  a  much  mors  volatile  body,  and 
fitted  Ibr  the  liquid  state.  On  being  admitted  to 
upwards  cyf  500  volumes  of  it  are  absorbed  by  one  of  water- 
It  settles  in  it  imesedktely  as  if  it  were  steamt  ud  ihi 
liquid  acquires  all  the  chemical  properties  of  the  gas.  Tha 
ammoiua  may  again  be  expelled  by  heat,  or  exposure;  and 
the  aqueous  solution  always  emits  pungent  alkaline  fumsa. 

Weie  the  exclusive  power  of  wmmonk  upon  the  radiaBt 
matter  the  same  as  that  of  water,  100  inches,  in  the  state  of 

gas,  ought  to  weigh  as  much  as  ^  inches  of  steam,  together 
with  80  indies  of  Tiydrogen,  or  about  90  grains  in  alL    Its 
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veAniitiV^  Jxmel*,  Ikmever,  «§  greater,  and  aoeoidingiy  it  is* 
fqiiind  to  weigh  about  18  graioB.  lu  atomic  waght,  compared 
with  commoQ  air,  briugs  out  it8  weight  at  19*5  grains;  but 
Hb  qiecific  heat  is  greater,  and  aothing  can  be  inferred  from 
tbeqp^dfic  gravity  of  such  agas,  to  within  two  or  three  grains, 
or  100  inches. 

'  Ammonia  possesses  powerful  alkaline  properties ;  or,  we 
wmf  "mf  dtet  it  ligyttg'with  water  in  mating  with  acids, 
anA  in  rendering  v«gMaUsiigTieen.  ItsafBttityferthepowo^ 
Ad  adds,  however,  in  eonseqnenee  of  its  greater  magnitude 
alMl  ibrda  etery  way,  is  moth  greatar  and  much  more  power- 
M:  Hcnoe  it  is  dispke^d  with  more  difficulty  than  water. 
QffMi  of  mit,  or  oil  of  Titrri,  united  to  ammonia,  maybe 
haadHed  without  the  fingers  sufiMng,  and  this  we  ascribe  to 
the  ^  eircumstanee,  that  the  add  is  neutrafixed  by  the  alicalL 
But  tf  our  fingers,  lilce  those  of  a  calcined  statue,  happened  to 
be  made  of  lime,  we  might  almost  as  well  handle  spirit  of  salt 
Aa  sal  ammoniac ;  ud  it  would  be  truei,  that,  in  as  Ikr  as  our 
sgfisiricais  were  ooncemed,  the  add  united  to  the  sal  ammonia 
was  ail  Htde  neutralized,  as  with  our  present  fingers  we  find 
ii^  be  when  it  is  united  to  water.  It  can  only  be  said  that 
wiiter  is  a  weaker  base  than  ammonia.  Ammonia,  however, 
a  always  alkaline ;  but  the  oondition  of  water  is  so  beautifully 
poised  between  add  and  alkali,  that  the  character  either  of 
the  one  or  the  odier  is  induced  according  to  the  demands  of 
the  body  vrith  which  the  water  is  assodated. 

"The  volatile  alkali  is,  like  the  strong  acids  preserved  in  the 
laboratcHy,  dissolved  in  water,  and  the  same  reasons  which  led 
us  to  antidpate  a  certain  number  of  particles  of  water  as  those 
necessary  to  hydrate  each  add  according  to  its  form,  lead 
now  to  antidpate  six  as  the  number  necessary  to  hydrate  one 
of  ammonia ;  that  is,  one  for  each  edge  of  the  equator.  The 
atomic  weight  of  ammonia  is  S6,  and  that  of  six  particles  of 
water  is  7S ;  hence  in  this  symmetrical  liquid,  composed  of 
hydro-senate  molecules  of  ammonia,  the  ratio  of  ammonia  to 
witer  ought  to  be  86  to  7S,  or  S6.6  to  78.4  m  100  parts. 
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Nor,  Dr  Ure  begins  hu  table  of  aqua  ammoiMe  with  S8L5 
airnnmria,  and  78.5  water ! 


CABBOK. 

I«  our  inquiries  into  the  atomic  oooititution  of  natural  bo- 
dieSv  we  are  naturally  anxious  to  find  a  Ibrm  to  suit  the  pro- 
perties of  carbon,  which,  after  water  itself,  performs  the 
curious  and  admirable  part  in  developing  the  beautiful 
of  organic  forms.  We  have  seen  that  there  is  something 
▼cry  eminent  in  the  structure  of  water  and  nitrogen,  the 
other  organic  dements;  doubtless  we  may  expect  the  lame  in 
carbon.  Now,  the  form  into  which  atoms  of  matter  rssobo 
themsdves  most  simply,  after  hydrogen  itsdf,  u  that  of 
a  pentagonal  faipyramid  (Fig  4),  for  wUdi  the  mind  imBi^ 
dUately  contracts  the  prgudioe  that  it  is  carbon.  Its  atoasie 
weight  is  5.  Its  capacity  for  heat  is  less  than  that  of  hydn^ 
gen,  and  greater  than  that  of  oxygen.  Though  no  fewer 
than  five  faces  ara  opposed  to  each  other,  it  could  not  be 
easily  expanded  into  another  form ;  for  five  atoms  cannot  coa- 
stitute  any  other  form,  and  the  equatorial  angles  are  separated 
from  each  other  by  1"*  88".  Or  if  it  be  thought  the  ibroe  of 
the  attractive  fiuid  is  suflhaent  to  bend  the  yielding  matter  at 
the  angles  to  perfect  ooheMon,  still  there  will  be  an  opening 
to  that  amount  between  the  edges,  admitting  of  a  free  move^ 
ment  of  the  repulsive  fiuid,  without  explodon,  expansion,  or  di^ 
struction  of  the  form :  we  should  say  then,  that  this  decaedron 
is  a  form  very  easily  devek^ped,  and  very  difficultly  destroyed* 
Now,  carbon  appears  to  be  a  very  permanent  body,  occurring 
even  in  great  masses  among  primitiye  strata,  both  as  anthra- 
cite and  plumbago.  In  the  voltaic  drde,  charcoal  does  in- 
deed give  off  hydrogen  (and  every  particle  of  carbon  may  be 
rqpuded  as  composed  at  two  of  hydrogen  and  an  atom  of 
matter);  but  it  n^t  justly  be  concluded,  that  diarcoal  could 
never  be  prepared  completely  free  from  water  or  hydf^geu ; 
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Md  unlaiB  bjcdrc^gen  were  obuiacd  from  carbon,  ppoapitated 
fkom  carbonic  acid,  or,  if  otherwise,  iq  Imrge  qQanliMes,  it  would 
be  rash  to  conclude  that  it  had  ever  been  destroyed  in  the 
vdtaic  focus  to  any  considerable  extent.  I^ike  its  capadty 
ibr  heat,  its  electrical  state  of  carbon  is  intermediate  between 
hydrogen  and  oi^gen.  lu  both  respects,  then,  it  fills  up  the 
dhasm  between  them,  and  it  b  consequently  capable  of  unit- 
ing with  by dwg^n  00  the  one  handn  and  oxygen  on  th^  otber. 

Gvery  particle  haa  seTen  prMwnent  solid  angles,  five  oa 
ihe  equator,  whose  epposite  edges,  a4  in  hydrogen,  are  in  the 
s«m»  piUof^  and  two  on  the  poles.  Were  the  dinoctiaiis  of 
tbs  pdariaipg  axei  debermined  by  the  pcdar  angles  only,  they 
would  be  the  same  a»  in  nilrogw,  or  inchned  tQ  the  axes  at 
w  angle  of  47°  97^  66^'.  The  rtsuluot  direction  is  the  mean 
between  this  and  the  direi^tioii  of  the  equatorial  axes,  whieh 
ipves  GT  4i&  BSr.  Now,  the  qbserved  ttagliog  angle  of  the 
dismond,  whi^  coiwiitH  of  pure  carbon,  is  given  at  HIP  if. 
The  refnurtive  and  exchiaive  power  of  carbon,  then,  must  be 
Tery  great. 

Carbon  cannot  be  reduced  to  the  fluid  state  by  any  heat 
which  the  chemist  can  command*  It  evidently  cannot  give 
rise  to  lamime  like  water>  for  three  particles,  when  their  edges 
are  placed  parallel,  form  a  solid  angle.  As  obtained  for  the 
purposes  of  experiment,  it  usually  possesses  the  woody  struc- 
ture. Charcoal  is  nothing  but  wood)  with  the  water  driven 
out  of  it  by  heat  By  other  means  carbon  may  be  procured 
aa  a  black  powder.  In  both  cases  it  is  known  by  the  name 
of  charcoals  and  its  chemical  properties  are  in  bpth  cases  the 
sane.  It  is  destitute  of  taste  and  smeU,  and  is  of  a  very  in- 
aoluble  and  indestructible  nature.  Hence  piles  which  are  to 
be  driven  into  water  are  previously  charred  on  the  outside, 
which  renders  them  insoluble  by  the  water,  and  mudi  more 
durable  than  when  the  cellular  or  aqueous  tissue  of  the  mass 
ia  permitted  to  remain.  It  aUo  pgssesass  the  pn^rty  of  re- 
storing  to  a  wholesome  states  putrescent  water  or  meat,  per- 
faaps  by  ooeapying  both  the  free  oxygen  and  hydrogen,  and 
cmstitatiiig  pyrohgnaeMt  acid>  which  may  neutralise  any  al- 
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hwXam  malter  that  nay  bava  been  developed^  and,  by  vetolv* 
Mg  the  free  axygen,  hydrogen,  and  anmonia,  which  were  tC* 
fectkig  the  decompoeilkaB,  into  a  small  quantity  of  an  tw^^tlf^ 
prevent  the  progress  of  the  putrefaction.  Or  its  ekctric  stala 
mtj  betuoh  astoinduceaaUte  upon  the  putratcent  medimn, 
Alt  reverie  of  that  which  givea  rise  to  pulrefaotion,  and  thin^ 
wifhoat  haeif  entering  into  union,  it  may  act  directly  aa  an 
antiseptic.  TIm  particles  of  carbon  may  evidently  group  to» 
gether  in  different  ways,  which  demand  our  attention. 

Of  the  sjwwtiiiial  mokeules  into  which  it  will  resolve  it* 
self  in  Afferent  droumstances,  tlie  most  easily  produced  is  the 
teniate.  It  has  this  peculiarity,  that  the  concave  centre  is 
exactly  oonfomuMe  to  the  pole  of  a  particle  of  hydrogen, 
(Pig.  08).  The  atooiic  weight  of  this  tersate  molecule  is  Ifi, 
and  those  irregular  masses  of  carbonaceous  matter  constitut* 
ing  plumbago,  anthracite,  and  the  various  coaly  bodies,  are 
probably  composed  of  a  congeries  of  wavy  laminsi  of  carbon, 
partly  in  single  particles,  partly  in  ternate  molecules,  irregti* 
larly  diqiosed,  hydrogen  and  water  being  also  often  present 
in  large  quantities.  The  hardness  of  carbon  in  different  stales 
is  very  different,  and  it  varies  in  its  action  upon  lig^it  from 
that  which  is  unable  to  sustain  a  single  ray,  to  that  which  poSi- 
sesses  a  lustre  as  high  as  cast-iron.  Such  is  the  lustre  of  coke, 
whidi  is  coal  deprived  of  its  volatile  parts  by  close  burning 
and  consists  chiefly  of  carbon.  This  coke  when  withdrawn 
tram  the  furnace,  possesses  a  columnar  structure  like  stardi 
or  basah,  and  on  ledges  are  often  to  be  observed  beautiful 
rimib-like  forms,  indicating  that  the  carbon  was  subliming. 
Vitrified  surfaces  are  also  to  be  aeen,  but  as  a  portion  of  silex 
and  fixed  alkali  is  present,  and  other  impurities,  these  may 
have  aided  the  fuuon  of  the  surface. 

The  next  remarkable  molecule  is  that  in  which  five  par- 
tides  are  united  by  one  edge,  (Fig.  64).  This  molecule  has  all 
the  stability  of  carbon  itself,  and  consequently  cannot  be  re- 
solved into  it,  nor  recognised  as  the  same  substance.  Its  ato^ 
mic  weight  is  85,  but  it  is  so  deficient  on  its  polar  rqpons, 
and  so  highly  conformable  to  quinatc  bodies,  espedally  nitro- 
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gn^Figi  19.),  that  it  may  be  expected  to  occur  in  nature 
ciiieiy  jn  union  with  nitrogen,  and  we  shall  afterwards  find, 
diat  tfab  constitutes  one  of  the  ukmI  interesting  substanociB  0^ 
the  dieBiiaal  sjrstem. 

The  nest  is  a  septenate  molecule,  in  which  both  the  poln 
of  the  fiicnier  are  covered  by  two  of  carbon,  (Fig.  66).  Tfaia 
abo  is  a  body  of  very  interesting  dbaraeters.  Like  the  fm% 
mar  jt  possesses  great  stability,  and  cannot  be  resolved  into 
carbon* 

But  all  diese  molecnles  are  merely  rudimentary  compared 
mth  the  duodenate,  in  which  twelye  particles  unite  by. all 
dicir= equatorial  edges ;  from  this  thane  results  a  pentagonal 
dodecaedion,  every  face  of  which  i^  surmounted  by  a  poita- 
gonal  pyramid.    The  Imes  joining  the  apices  of  contiguous 
pymmids  lie  in  the  plane  of  the  faces  interposed,  so  that  the 
km  may  be  described  as  a  regular  triaoontaedron,  the  faces 
of  iriuch  are  loienges,  (Fig.  66).    This  beautiful  form  is  a 
molecule  of  diamond.    We  see,  then,  how  wdl  the  molecules 
off^^Aeidiamond  are  calculated  fot  giving  rise  to  that  oclae- 
dnd  deaivage,  and  those  highly  polygonal  tessular  forms  in 
wUch  it  occurs  in  nature.    The  atomic  weight  of  the  dia- 
mond is  60.    Its  cohesion  is  so  perfiect,  and  its  angles  so 
sharp  and  strongs  as  to  resist  breaking  or  turning  aside;  so  that 
we  only  expect  to  find  that  the  diamond  is  the  hardest  of 
all  bodies.    The  surface  of  a  fractured  diamond  must  also  be 
the  same  in  detail  as  that  of  a  polished  one,  consisting  merely 
of  unbroken  molecules,  arranged  symmetrically;  and  it  b 
reniiarked,  in  reference  to  the  diamond,  that  while  other  gems 
when  excited  electrically  by  the  same  substance,  give  different 
dectridties  according  as  their  sur&ces  are  fractured  or  polish- 
ed, the  diamond  always  gives  the  same.    The  subtile  repuU 
'tt^  fliud  must  evidently  be  in  a  state  of  great  quiescence. 
Bat  it  is  great  in  quantity,  and  is  very  capable  of  exdtement 
Bsnee  the  diamond  will  not  eanly  transmit  electricity. 
**»  Though  carbon  is  moK  abundant,  the  diamond  is  very 
4Vb;iiina«d^  by 

-jJlL,,,,^!?!^  piesoMie  of  hydrogen  miM  prevent  its  devekipment, 
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and  to  erolfe  it  from  fixed  air  or  carbonic  oxide  would  pio* 
bably  require  the  time  and  tranquillity  in  wbieh  the  beaul^ 
ful  forms  of  nature  are  produced.  But  by  ttrewing  the  ta»> 
•el  with  diamond  powder  so  as  to  dispose  to  its  etoliitioiiy 
would  think  that  chemists  might  be  able  to  produce  a 
men  of  the  diamond,  especially  when  sudi  compounds  havw 
been  discovered  as  the  bicarburet  of  hydrogen  of  Mr  Fan^ 
day,  in  which  every  panicle  seems  to  contain  all  the  caibosi 
in  a  molecule  of  diamond,  and  only  a  small  proportion  of  hy- 
drogen. 

Carbon  is  a  combustible  body,  burning  without  flame ;  bm 
in  the  state  of  diamond,  its  combustion  is  so  extremely  diificulty 
that  it  has  only  of  late  been  proved.  The  combustible  and 
unctuous  nature  of  the  diamond,  however,  seems  to  have  bean 
a  very  old  idea.  Boethius  de  Boot,  in  his  curious  History  «f 
Gems  and  Stones  (the  first  edition  of  which  was  published  nl 
Frankfort  in  1600),  concludes,  after  some  very  sound  rtaBo»- 
ing,  **  Adamantis  materiam  igneam  et  sulphuream  esse,  aHe- 
rum  gemmarum  vero  aqueam.**  This  opinion  of  De  Boat 
received  confirmation  from  the  optical  n>searches  of  Newloa, 
who  showed  (hat  it  agreed  with  combustible  bodies,  rather  than 
other  gems,  in  its  higli  refractive  power.  When  he  says  in. 
ddentally,  however,  when  speaking  of  the  diamond,  ^  which 
probably  is  an  unctuous  substance  coagulated,^  (Optics,  p. 
S40),  he  is  evidently  ingenuously  alluding  to  the  opinion  of 
DeBoot* 

"  This  author  is  iniutnting  the  means  bjr  which  lapidaries  were  in  the 
habit  of  distinguishing  true  diamonds  from  gems  and  pastes,  bjr  the  uae  of 
a  compound  of  gum-mastic  and  ivorj  black,  which  adhered  to  the  diamond 
in  a  manner  ver^^  different  from  other  gema.  In  this  aigument  he  sqra, 
^OububI  eerasorum  aque  miaoeri  ac  in  ea  dissolTt  potest*  quod  aquese  sit  ns- 
iuim*  Qummi'mastkis  neguagusm,  quia  ignese  est  naturse,  oleo  ob  id  &dle 
jm^tur,  a  quo  etiam  dissolvitur,  ut  omnia  alia  quecunque  igneae  sunt  na- 
ture, et  ihcile  in  flammam  redigi  possunt  Quod  itaque  masthc,  que  igntm 
nature  est,  adamanti  facile  Jungi  possit.  Signum  asi  Id  propter  matsilse 
almilitudinem  fieri,  ac  adamantis  materiam  igneam  ei  suiphurtsm 
atqua  ipaiua  humidum  intrinaecum  et  prinu^genium,  ct^us  bf?neftcio 
fmhrn  mL*, .,  Qui  bac  a  me  ratione  cuntentus  non  est,  melioremadimt ; 
interim  sdat  renim  srMif  et  similitudinem,  ut  plurimuai  Ignolsm 
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We  could  easily  believe  that  it  would  be  difficult  to  destroy 
a  molecule  so  synunetrical,  and,  when  cold,  so  firmly  bound 
together ;  but  all  the  poles  are  placed  so  favourably  for  the 
incid^fiice  of  oxygen,  that  we  might  also  infer,  that,  at  a  high 
tfmperature,  it  should  be  carried  off  in  particles  of  fixed  air. 
It  may  indeed  be  worth  inquiry,  whether  old  diamonds,  which 
have  been  exposed  to  the  air,  and  not  rubbed,  be  not  covered 
wkh  a  coating  of  oxygen.  It  is  remarked  that  diamonds  arc 
rendered  more  brilliant  by  being  put  in  the  fire ;  and,  if  this 
be  the  fact,  it  is  difficult  to  see  how  such  an  effect  could  take 
place  otherwise  than  by  driving  off  a  superficial  film  of 
oxygen  or  carbonic  acid.  If  we  suppose  diamonds  liable  to 
such  incrustations,  it  would  enable  us  to  explain  the  great 
differences  in  refractive  powers  which  have  been  found  in  dif- 
ferent specimens  of  this  gem,  the  index  of  refraction  being 
given  by  different  observers,  from  S.755  to  2.489. 

Afi  the  molecule  of  the  diamond  is  hollow,  its  weight  is  not 
ymry  great.  The  specific  gravity  of  different  sorts  varies  from 
8.56  to  8.44,  which  is  about  twice  as  much  as  that  of  anthra- 
cite, and  four  tiroes  as  much  as  Mr  Faraday^s  btcarburet  of 
oxygen.  Diamonds  frequently  occur  of  all  the  colours  of  the 
ipectrum  :  they  are  sometimes  even  black.  This  is  said  to  be 
the  colour  of  diamond-powder ;  and  it  is  not  improbable,  that, 
in  pounding  a  diamond,  some  of  the  molecules  may  be  broken 
by  percussion  against  others,  and  thus  the  diamond  dust  be 
mixed  with  carbon,  which  would  make  it  more  or  less  a  black 
colour ;  but  a  powder  composed  of  molecules  of  diamond, 
would  probably  reflect  light  in  a  very  beautiful  manner.   The 

^Muuidmodem  ferri  at  magnetis.**  Sae  Oemmarum  et  Lapidum  Histork, 
^pMn  oliin  adidit  Ansehmu  Boethius  de  Boot,  Bnigensis,  Budolphi  II., 
Iwptnitorb  Madicus.  Nunc  veto  recensuit,  Ac.  Adrianus  ToIL  Lugd. 
M.I>.  1638,  p.  117*  It  has  been  the  fkte  of  this  ingenious  nalurabst 
tiriKvtteii  I  Irat  his  reaaoning  ii  better  ttmn  that  relating  to  refivc- 
ftMT  It  both  argues  the  combustible  and  carbonaeeous  nature  of  the 
wUla  the  other  would  directly  mMead  us  as  to  both  particulars, 
m  atvenJ  bodies  of  a  crTStalline  and  stony  nature  agreeing  with 
tai  nfrvctive  power,  but  none  of  them  Is  combustible  or  carbona- 

Hwtt: 
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diaaHMid  has  long  been  juslly  esteemed  as  the  nost  betatirul 
of  gems.  Of  late  it  has  been  brought  into  the  aerviec  of 
science  for  fbrmiog  caps  for  time^pieces,  and  lenses  for  micnv 
soopic  observations;  its  high  refractive  and  km  dispersive 
power,  together  with  a  freedom  from  double  refraction  in  ho* 
mogeneous  specimens,  rendering  it  very  highly  valuable  tar 
tha  latter  purpose. 

Sodi  are  the  molecules  which  naturally  arise  from  the 
grouping  of  parUcIes  of  carbon  by  their  equatorial  edges,  ft 
mode  of  aggregation  to  which  the  force  of  symmetiy  deter- 
mines, when  the  other  mode  cannot  give  rise  to  symmetrical 
and  individual  forms.  This  other  mode  implies  the  union  by 
a  terminal  edge,  and  the  adhemon  of  polar  to  equatorial  angles. 
Such  an  arrangement  will  constantly  obtain,  where  partidea 
of  carbon  unite  one  by  one  successively,  and  where  a  medium 
exists  pnaaciging  a  structure  capable  of  sustaining,  without 
destruction,  the  curious  spiral  which  must  result 

When  two  parucles  of  carbon  arc  united  by  a  temdnal 
edge,  and  with  their  axes  parallel,  they  constitute  a  polariieed 
axis  diqx)sed  to  attract  other  particles  to  both  extremities,  or^ 
at  all  events,  to  that  extremity  which  is  in  a  state  consecutive 
to  that  of  the  carbon  contiguous.  Lict  us  suppose  the  axis  of  the 
united  particles  vertical,  and  the  summit  in  a  positive  state. 
The  particles  of  carbon  being  positive,  will  most  readily  be 
attracted  to  the  inferior  or  negative  pole  of  the  polarized  axis, 
constituted  of  two  particles  of  carbon,  united  by  a  terminal 
edge.  But  a  third  particle  cannot  be  placed  in  a  parallel 
manner  to  the  other  two,  so  as  to  give  rise  to  a  straight  line, 
as  we  found  to  obtain  when  aqueous  particles  united  by  their 
equatorial  edges.  Such  a  straight  axis,  con«sting  of  partidea 
placed  zigzag  with  the  poles  of  the  alternate  particles  touch- 
ing, is  indeed  possible ;  but  the  more  simple  mode  of  ar^ 
rangement,  and  that  in  which  the  partides  are  placed  at  the 
extremities  of  the  axis  previously  existing,  is,  when  the  third 
particle  attaches  itself  to  an  edge  belonging  to  one  of  the  two 
particles  of  carbon  formerly  attached,  both  whose  angles  are 
flree.   Now,  this  edge  is  not  parallel  to  that  by  which  the  first 
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and  second  partides  are  united.  Two  edges  are  equally  in- 
clined  to  it  by  an  angle  of  80°.  To  which  of  these  will  the 
third  particle  attach  itself?  This  is  evidently  a  veiy  intereat- 
uig  inquiry,  and  will  depend  upon  the  phenomena  of  electro- 
magnetic rotation.  Suffice  it  to  say,  that  if  there  be  a  positive 
electric  pole  at  the  summit,  as  has  been  assumed,  and  a  south 
magnetic  pule,  the  third  particle  of  carbon  will  be  placed  at 
the  inferior  extremity,  so  as  to  give  origin  to  a  sinistrorsal 
helix,  or  one  revolving  from  right  to  left  In  this  way  par- 
tides will  be  successively  added,  and  a  spiral  filament  of  car- 
bon (Fig.  67)  will  result,  of  which  twdve  particles  are  invcdved 
in  every  symmetrical  revolution. 

Of  such  spiral  filaments,  placed  contiguous  to  each  other, 
and  arranged  around  the  same  axis,  a  tube  may  be  constituted, 
whose  walls  shall  be  impervious.  In  this  the  spiral  structure 
is  obliterated,  except  in  as  far  as  the  cohering  edges,  being 
inclined  obliquely  to  the  axis,  may  be  regarded  as  spirals 
turning  to  the  right  or  left  around  it  Such  a  tube  would  be 
a  most  minute  fibre,  capable  of  transmitting  only  hydrogen 
or  radiant  matter. 

But  the  tendency  of  every  polarized  axis,  is  to  place  every 
newly  attached  particle  in  a  paralld  position  to  that  which  is 
in  the  consecutive  state.  Hence  much  larger  spires  will  often 
be  determined,  than  those  which  imply  only  twelve  particles 
in  one  revolution,  and  spires  proceeding  together  will  give 
rise  to  tubes  of  various  diameters,  and  with  walls  more  or  less 
dense,  or  pervious,  but  such  that  they  will  resemble,  in  struc- 
ture, a  ribbon  wrapt  round  a  ruler,  which  is  withdrawn  when 
the  ribbon  has  been  fixed  in  its  spiral  position.  Besides  these, 
there  are  other  sorts  of  spiral  filaments,  which  will  naturally 
arise  from  the  successive  deposition  of  particles  of  carbon ;  for 
when  they  are  united  by  their  opposite  faces,  a  spiral  struc- 
ture is  instituted,  and  when,  by  their  equatorial  edges,  most 
nearly  opposite,  a  spiral  can  only  be  prevented  by  every  par- 
tide  refnuning  from  uniting  with  any  other,  by  a  terminal 
edge,  a  state  of  things  which  is  extremely  improbable.  Let 
us  now  inquire  whether  nature  exhibits  to  us  any  such  car- 
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bonaoeous  spires.  It  might  be  remarked,  that  the  diamond 
afibrds  evidence,  that  carbon  may  exist  in  some  other  adaman* 
tine  arrangement'  than  the  duodenate  molecule.  A  erjrrtal- 
line  congeries  of  such  molecules,  must  be  homogeneous  in 
every  part,  but  it  frequently  happens  that  tortuous  portiont 
occur  in  diamonds,  which  cannot  be  polished  in  the  same  man-* 
oer  as  the  surrounding  parts,  and  which 'give  rise  to  an'irregular 
and  even  double  refraction.  Now,  nothing  seems  more  pro* 
bafak  than  that  during  the  development  dT  a  diamond,  the 
spial  arrangement  should  sometimes  interfere  with  the  tesro- 
lar  depoMCaon  of  the  perfect  molecules,  and  pve  rise  to  the 
phenomena  observed. 

But  it  is  evidently  not  in  the  mineral  kingdom  that  we  art 
to  look  fiir  the  spiral  structure.  It  is  in  the  v^etaUe  king, 
dom  that  particles  of  carbcxi,  moving  freely,  are  succesavdy 
becreted  into  the  same  cell,  and  presented  to  each  other  in 
drcum#tances  favourable  for  the  institution  of  this  amuse- 
ment 

Now,  the  spiral  vessel  in  the  vegetable  structure  has  for  a 
long  time  excited  the  interest  of  vegetable  anatomists,  and 
completely  fulSls  all  that  we  should  expect  from  the  spiral 
grouping  of  carbonaceous  particles.  In  the  leaves  and  young 
stems  of  trees,  shrubs,  and  flowers,  between  the  fibrous  and 
the  cellular  part  of  trees,  that  is,  in  the  partially  organized 
wood  near  the  pith  and  bark,  in  the  tubers  attached  to  the 
roots ;  in  a  word,  in  every  part  of  the  vegetable  structure, 
recently  formed  of  sap  elaborated  by  the  leaves,  spiral  threads 
are  found,  having  all  the  characters  which  we  might  suppose 
those  of  carbon  to  possess.  They  have  an  adamantine  white- 
ness, and  possess  so  great  cohe«on,  that  they  may  be  very  much 
extended  before  they  are  broken.  They  seem  generally  to  pro- 
ceed together  in  a  group,  advancing  from  the  region  of  vege- 
table assimilation,  that  is,  from  the  leaves,  and  they  proceed 
downwards  almost  to  the  root.  Sometimes  the  tubes  resulting 
are  associated  in  a  fasciculus,  at  other  times  they  are  solitary, 
and,  when  torn  asunder,  indicate  that  they  are  composed  of 
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a  great  mahy  spiral  threads,  somewhat  looselj  ocmtv^tMl 
among  themiselves. 

Perhaps,  it  id  scarcely  carrying  our  iUustratioti  too  far,  to 
itiquire  into  the  direction  of  the  vegetable  helix.  It  is  trdl 
known  thftt  the  superibr  aspect  of  natural  objects,  pbegesaes  a 
south  thAgnetic  polarity ;  And  the  1-ecMit  researbfaes  of  M. 
Pottillet  prove,  that  the  superior  aspect  of  vegetables,  dilriilg 
vlBgetaticxi,  is  in  ab  blectro-positive  state,  as  indeed  seems 
Always  to  be  the  case  with  th&t  region  where  the  greatest  che- 
mical action  is  going  on,  supposing  that  there  i$  ndthing  in 
the  structure  td  detiermine  it  othei*wise.  This  oonditioDi  then, 
ought  to  determine  the  revolution  of  the  spiral  vessel  from 
right  to  left.  There  may  be  many  plants,  however,  in  which 
these  coiiditiotis  arie  reversed,  and  mot«  especially  until  obser- 
vations as  to  the  polarity  of  bodies  in  the  southern  heihiaphlsre 
shall  have  been  extended,  we  need  not  press  the  illustration. 
Hales,  however,  asserts  that  the  spiral  vessel  in  jplants  uniform- 
ly turns  from  right  to  left,  and  it  cannot  be  doubted  that  this  is 
the  most  geheral  state  of  the  structure  in  our  comthon  plants. 

How  many  partibles  of  carbon  may  be  involved  in  the  spire 
of  a  vessel  l^ge  enough  tb  be  visible,  it  may  be  difficult  to 
guess ;  but  it  will  vary  in  different  plants,  according  to  the 
style  of  their  organii^ation,  and  their  vegetative  force.  The 
sitnplest  sort  is  that  of  which  the  spiral  structure  cilnnot  be 
detected,  in  consequence  of  its  minuteness  and  compactness, 
and  in  a  single  spire  of  which  only  twelve  particles  are  in- 
volved. It  can  tratismit  only  hydrogen  or  atoms.  It  would 
not  be  distinguished  from  the  most  niinute  fibre  visible. 

Vegetable  anatomists  have  had  many  inquiries  into  the 
structure  of  the  spiral  vessel,  and  some  have  said  that  they 
have  seen  that  the  spire  itself  was  a  tube,  and  others  that  it 
was  a  concave  or  semicylindrical  ribbon  ;  whibt  others  have 
been  unable  to  see  either  structure.  I  have  endeavoured  to 
inquire  as  to  these  matters  with  globules,  lenses,  and  compound 
microscopes  of  very  efficient  qualities  (though  always  of  glass), 
but  could  not  satisfy  knyself  that  such  optical  instruments,  or 
even  the  eye  itself,  is  adequate  to  exhibit  the  ultimate  vege- 
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labkf  c^ganizatkin.  As  in  other  matters  which  ivach  to  the 
tttomic  oombinatioliB  of  bodies,  we  must  probaUy  make  ifn^ 
th«M  pfeectie  anal  jrtii. 

The  structure  which  haft  now  been  assigned  Id  the  spM 
part  of  the  spMl  ir^ssel^  induces  the  beUef  thut  It  is  a  vessd 
af  nradt  wiiikef  ohtmical  ngcncy  than  the  aqneous  tissao. 
The  iBigleft  diraeted  towards  the  centime  are  not  tci  pungent, 
and  their  ^Mcific  heat  is  much  lesik  Neither  is  there  angr 
thhg  so  rsnaritable  in  their  electrical  statei  Thej  are  dto- 
getber  nmicfa  less  fittad  far  ekboraling  s^fi  than  the  odk  and 
imerodlukr  canah  of  the  aqueous  tissue.  They  are  indeid 
anconfimnabie  to  water;  and  it  seems  very  probable  thai 
water,  if  contiguous  to  them,  would  bsoome  attached  to  their 
sides.  In  illustration  of  these  vbws,  it  is  remarked  that  spi- 
ral vcsssls,  whether  possessing  a  structure  that  may  yet  be 
torn  out  into  a  qsiral  filament,  or  fixed  by  the  accretion  of 
partichs  of  water,  &c  so  that  their  resolution  is  no  longer  poa* 
siUc^  nerer  ctmtain  a  liqukl  but  only  aeriform  matter ;  hence 
they  hare  been  denominated  Tradiese.  It  is  natural  to  sttp^ 
pose  that,  as  the  spiral  ressd  becomes  older,  it  shall  beccfttte 
mote  dense,  by  the  accretion  of  carbonaceous  and  aqueous 
particles  on  its  sides;  and  the  ultimate  state  into  which  it  can 
resolve  itself,  when  the  activity  of  the  subtile  fluid  which  de^ 
yeioped  it  ia  over,  seems  to  be  a  rectilineal  fibre,  composed  df 
ciUbon,  with  that  quantity  of  aqueous  matter  attached  which 
neutralises  the  electric  state  of  the  carbon,  and  gives  rise  to  a 
quiescent  neutral  mass,  which  is  the  crisis  of  change,  and 
the  limit  of  the  vegetable  action.  This  tissue  constitutes 
wood,  which,  when  reduced  to  its  elements,  seems  to  consist 
of  water,  in  the  ratio  of  a  senate  molecule,  and  carbon  in  the 
ratio  of  one  symmetrical  spire.  From  this,  however,  it  does 
not  by  any  means  follow  that  the  structure  of  all  woods  is  the 
saaoe.  Particles  oi  difierent  sorts,  when  united  [in  the  most 
perfect  manner,  as  when  their  union  is  etfected  by  organisa^ 
tion,  are  generally  associated  in  their  quiescent  ratio.  But 
the  multitude  of  forms  in  which  this  quiescent  ratio  may  be 

sustained  is  immense.    Hence  the  origin  of  that  wonderful 
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mriety  of  TegeftoUe  product  whidi  give  neariy  the 
iidts  in  «iudyfti&  The  ntib  of  the  qiumtity  of  isivbon  wfaidl 
oomdtutes  a  spire  to  a  molecule  of  the  aqueous  tissue^  ii 
(0O:7S)  45.45  catlioii,  and  54.55  water  m  100  parts;  and 
tins  seems  to  be  Tciy  nearly  the  quieepent  ratio  of  ^nt  windi 
Amns  the  woody  mass;  and  where  the  ratios  yielded  hfmm- 
.lyos  are  very  diftient  firom  this>  we  may  suspect  ihat  (OKy- 
gen  and  hydrogen,  as  well  as  water,  are  present. 

-It  has  been  already  shewn  thal^  hi  monbootyledonoorplalili^ 
or  those  in  whkfa  the  aqueous  or  e^ulBr.fiBsue  prrdaminatasj 
tinte,  the  determhiate  number  of  watar,  b  ooosttntly  repio* 
dooed.  .  In  the  more  caibodaoeouB  v^efables^  or  those  of 'm 
higher  organization,  the  dicotyledones,  the  detenoinsite  Wttft- 
bcr  of  icarboo,  or  five  and  its  multiples,  is  no  less  ioonqiieaMiL 
The  parts  cf  the  periantbi  and  the  number  at  eesentiallQl^ 
^lois^  generally  bdobg  to  the  quiaate  system ;  andTeeicb  ver^^ 
tieilhis  of  the  fructification  etasuts  of  a  qutnate  number-^ 
parts.  At  other  times,  again,  it  requires  move  than  one  set  of 
oqgsns  to  evolve  this  number.  -Thus,  in  the  Crainfenfa^ 
the  second  and  tfaild  verticillus  taken  together,  alfbfd-  ten 
pahs,  four  petals  and  six  stamens;  and  tiie  eaterwA  aad 
esntfal  parts  again  affiird  five  parts :  this,  however,  is  press- 
ing  the  argument  But  many  of  the  parts  are,  as  they  oo^ 
cur  in  nature,  abortive,  and  the  quinate  numbers  are  oonsec 
quently  imperfectly  developed.  Bendes  this,  it  is  only  lo  be 
expected,  that,  while  the  aqueous  tissue  should  determine  to- 
wards the  number  three,  and  the  carbonaceous  towards  the 
number  five,  their  resultant,  or  four,  diould  be  often  de* 
vdoped,  and  this  is  indeed  the  case.  There  are  many  tribes  of 
plants,  in  which  the  numbers  four  and  eight,  and  a  few  in 
which  even  twelve  prevails.  The  contest  is  beautifully  seen 
in  the  order  of  the  Myrtacese,  which  includes  a  great  many 
qpedes  most  interesting  to  the  physidogist :  while  in  other 
great  woody  families,  such  as  the  Leguminosse  and  Rosacese, 
the  quinate  system  completely  prevails. 

When  a  piece  of  wood  is  introduced  into  the  fire,  it  bums 
with  fiame  and  smoke,  and  nothing  but  ashes  remain. 
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oontain  carbon  only  united  U>  oxygen,  and  saline  matter.  Bui 
wbcfi  it  ia  heated  to  the  same  degree,  and  the  aooeia  of  osy« 
gen  prevented,  as  when  a  piece  of  wood  is  covered  with  sand 
in  a  cmdUe^  the  carbon  is  left  behind,  nearly  possessing  the 
aaose  arrangement  as  in  the  vegetable  mass ;  for  cacbon  ia 
neither  vobtile  nor  fusible,  and  consequently  the  particles^ 
during  the  application  of  the  heat,  do  not  choige  their  place. 
The  aqueous  tissue  is  volatile,  and  escapes  as  water,  oxygSB, 
and  hydragen,  carrying  a  certain  quantity  of  cariboo  with 
them,  and  producing  inflammable  gasef,  fixed  air,  and  pyio- 
l^pieous  add.  The  carbonaceous  mam  which  remains  ia  • 
bit  of  chareoaL  It  evidently  must  possem  a  very  porooa 
stnictuiet  and  is  well  calculaled  to  absorb  bodies  which  it 
does  not  repd,  and  which  are  pressed  towards  it,  by  their 
own  weight,  or  otherwise,  such  as  water  and  the  gases.  The 
qnanlky  of  the  surrounding  gaseous  matter,  which  pure  diar> 
coal  ^omdenses  within  it,  gives  very  good  indications  of  the 
impatience  of  different  gaseous  bodies  oi  the  afiriform  stais^ 
though  not  the  order  in  which  they  could  be  comptessed  unlo 
liquids^  for  this  must  depend  upon  their  rdative  fitnem  tot  the 
liquid  state,  as  well  as  their  impatience  of  the  gaseous.  The 
volumes  of  different  gases  absorbed  have  been  carefully  invea- 
tigated  by  Saussure,  and  the  corresponding  quantity  of  mat* 
ter  (the  number  of  particles  in  these  volumes  multiplied  by 
their  atomic  weights),  is  expressed  by  the  following  numbers; 


Sulphureous  acid. 

80.   ^ 

Muriatic  acid. 

57- 

Intmicatliig  gas,  . 

3S- 

These  have  all  been  condeassd 

Sulphuretted  h  jdrogen. 

34. 

into  limpid  liquidi  by  Mr 

Ammunia, 

33- 

Faradaj. 

Fixed  air, 

30- 

Olefiant  gas, 

S4-    i 

Yitalair,       .        .        .        . 

S-9 

Carbonic  oxide, 

5-4 

Theae  have  hitherto  reaUtcd 

Nitrogen,      .        .        .        . 

4-3 

I      condenaation. 

Hjdrogen,    .        .        ,        . 

1-0 

The  gases  thus  condensed  exhibit  the  same  phenomena  as 
when  they  arc  in  the  liquid  state.     When  the  pressure  of 
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tbdr  own  atmoqihere  14  atyxve  them,  thty  do  not  0ta|idiiCt^ 
bM  wlnrn  ibe  suEfoundtpg  nipdium  ii  duatgei^  fimff§oiamf.hy 
tvupoNiUoQt  utanspheras  of  their  own  nfttiunt;  'tod  •portion 
oft^P  now  AteKM^bere  ia  |»M8ed  into  theohaioptf  to  fill  their 
pboe.  Thejr  gyneaelly  ane  g^ven  out  tinehanged.  It  oppf—i, 
bMir?er»  tbt  aoBao  of  ddicate  etructiifo^  buA  ••  ■riphiimttrf 
lydn|g0O»  whffi  npoeed  to  the  funfae«By  tufiw  demmpnin 
tini  ftt  the  ofattnoiL 

A  iBMB  of  ohavpQil  does  not  oonnet  of  individud  aoleoalHy 
eetil J  cepobie  of  haying  ibeir  deotneal  acme  «auiited^  Iflbo  dw 
dianeDdy  nhile,  4Xk  tho  other  hand,  the  atooue  matluti  of 'av« 
aeinve  pavtides  is  in  contact:  benoe  it  does  not  lasiBt^flie 
tiansmisMon  of  eleotrioty.  But,  in  consequenoe  of  tfia  iln- 
asense  nuoiber  of  partioIaB  which  must  be  lieated  in  ai^  lina 
in  which  cpkwifio  excitement  is  propagated,  and  their  un^* 
qriMnetrioal  mode  of  eoherion,  which  is  unfiivouiaUe  to  that 
SMftion  wfaanin  heat  anisbts,  chapogal  transmits  heat,  or  ia 
baatnd  vary  slowly.  »^ 

It  is  rea^y  cooobustible,  and  when  a  lengthened  nmm  is 
Ut  at  one  /end,  and  bdd  upwards,  it  becomes  an  dectcic  axis, 
the  region  of  chemical  action  being  as  usual  positive.  If  it 
be  inverted,  the  fumes  passing  along  the  mass  restore  the 
equilibrium,  and  the  polarity  disappears.  As  it  does  not  as- 
sume the  gaseous  state,  it  cannot  give  rise  to  flame ;  but  the 
ight  proceeding  from  its  combustion  is  very  intense.  Every 
particle  of  carbon  is,  in  fact,  a  little  speculum  or  lens,  calcu- 
lated in  an  admirable  manner  to  form  a  base  to  rays  of  light* 
Nfsither  is  the  heat  generated  during  its  combustion  by  any 
means  so  great  as  that  produced  by  the  combustion  of  hydro- 
gen ;  hence  all  circumstances  are  favourable  to  the  propaga- 
tion of  light  from  the  region  of  the  combustion  of  carbon*  The 
flames  of  candles,  lamps,  and  gas  lights,  are  composed  of  hy- 
drogen and  carbon,  in  a  state  of  combustion ;  and  the  bright- 
ness and  coolness  of  the  flame,  when  the  quantity  of  com- 
bustion or  consumption  of  oxygen  is  the  same,  depends  upon 
the  quantity  of  carbon.  The  best  artifidal  light  consists  of 
a  mixture  of  the  two  gases,  where  hydrogen  is  present,  in 
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such  quantity  ouly  as  is  necessary  to  give  buoyancy  to  tbe 
carbon,  and  develope  a  suiBdent  d^ree  of  heat  to  sustain  tbe 
combustion.  Carbon,  in  small  quantities,  though  oooa  kio- 
dled,  is  apt  to  go  out ;  and  the  particles  of  carbon  in  the  dii^ 
mond  are  so  firmly  bound  down,  that  it  is  much  more  inconsp. 
bustible  than  iron  and  other  metals.  Though  it  be  kindled 
in  vital  air,  it  cannot  sustain  its  own  oombustioQ.  Wood, 
coals,  and  [Mnguious  substances,  on  the  other  hand,  are  ad- 
nuMUy  fitted  for  becoming  f uel-i<-to  warm  us  when  the  hydio» 
gen  is  as  plenty,— «nd  to  warm  themselves  when  the  carbon  is 
in  Sttdi  quantity  as  to  render  the  flame  very  luminous,  and 
fit  log  visk>n  in  the  night  time. 

It  has  been  already  shewn,  that  the  body  which  results 
fram  tlie  eombustion  of  tbe  hydrogen  is  pure  water;  that 
which  tbe  carbon  yields  in  similar  circumstances  is  caibpaie 
add.  It  is  generally  believed  to  be  universally  tbe  same  sub- 
stance  as  that  which  is  derived  from  the  calcination  of  lime* 
stcHie,  or  during  its  solution  by  an  acid.  To  this  the  name  of 
Fixed  Air  was  applied  by  Dr  Black,  because  it  occurs  in  na> 
ture  generally  fixed  with  some  mineral  body,  and  not  in  tbe 
aeriform  state.  But,  during  combustion,  another  form  also 
must  certainly  be  developed,  afterwards  tq  be  described. 

Choke-damp^  Fixed  Air^  Carbonic  Acid. — Oxygen  and  car- 
bon are  eminently  coDformable  to  each  other ;  and  wherever 
a  parUcle  of  oxygen  (not  vital  air)  is  exposed  to  a  free  par- 
ticle of  carbon,  they  unite,  and  a  particle  of  fixed  air  b  formed 
(Fig.  9.),  two  of  which  constitute  a  symmetrical  molecule  (Fig. 
68.)  This  body  is  generated  not  only  in  cases  of  deliberate 
combustion  in  the  air,  where  animal  and  vegetable  decom- 
positions are  going  on,  but  also  in  the  lungs,  and  apparendy 
over  the  whole  surface,  or  at  least  at  particular  regions  of  the 
skins  of  living  organized  bodies,  both  plants  and  animals.  Ani- 
mals provided  with  lungs  inhale  a  certain  quantity  of  air,  nu 
ther  more  than  one-fifth  of  which  is  vital  air.  The  whole  vo- 
lume  is  again  exhaled  into  the  air,  without  apy  notable  change 
upon  its  nitrogen ;  but  a  considerable  part  of  the  vital  air  gives 
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Ht  radiant  matter  into  the  system,  and  returns  with  its  poks^ 
fimnerly  occupied  by  radiant  matter  or  light,  now  covered  by 
carbon.  This  Zmk  P^h,  this  «#f  w^mf,  stimulates  the  vital  en- 
ergy in  a  very  remarkable  manner ;  and,  by  the  aid  <^  our 
knowledge  of  the  organizatiiKi  of  the  lungs,  an  attempt  will 
be  made,  in  a  subsequent  page,  to  trace  the  course  wbidi  the 
absorbed  radiant  matter  pursues  in  our  bodies. 

The  blood  sufiers  a  change  of  colour  ficom  modena^  bright 
red,  which  is  the  efiect  that  ought  immediately  to  fdlow  horn 
die  incidence  of  radiant  atoms  upon  its  cdoured  part%  ae- 
•ummg  that  there  is  no  odier  change  of  organizatioD.  Let 
us  sujqxMe  that  the  colour  of  the  blood  is  true,  and  that  the 
duomatio  axis  which  produces  it  has  r^d  and  blue  for  ifta  po. 
tttive  and  negative  poles  respectively,  which  are  the  colours 
perpetually  recurring  when  transparent  and  colourless  bodies 
(such  as  the  elements  of  the  blood  are)  become  coloured  by 
the  institution  of  chromatic  axes*  The  superficial  colour  of 
•  mass  oonusting  of  such  particles,  will  pass  from  bright  red 
towards  blue,  according  «s  it  becomes  more  and  more  quies- 
oent,  and  removed  from  chemical  action,  which  determines 
the  positive  or  bright  red  pole  to  that  refpon  exposed  to  the 
chemical  action.  If,  th^n,  the  red  globules  set  out  from  tlie 
lungs,  each  with  a  perfect  chromatic  axis,  of  which  one  pole 
is  exposed,  their  colour  will  at  first  be  bright  red,  because  the 
surface  where  the  chemical  action  is  greatest  will  be  the  posi- 
tive pole ;  but,  as  they  proceed,  this  colour  must  degenerate, 
in  consequence  of  the  destruction  of  many  of  the  axes,  as  the 
globules  proceed  from  the  lungs,  where  they  were  instituted, 
and  in  the  [wocess  of  as^milation,  from  the  decrease  of  heat, 
and  the  want  of  chemical  action  to  sustain  a  tint  so  highly  po- 
sitive. When  they  come  up  again  to  the  lungs,  afker  having 
performed  the  tour  of  the  body,  the  mutilated  axes,  and  the 
newly  introduced  globules,  whose  axes  want  the  odd  atom 
of  radiant  matter  to  be  com|Jete,  receive  the  requisite  atom 
from  the  vital  air,  and  the  colour  of  the  Uood  is  brightened 
again.  This  brightening  of  the  colour,  which  seems  to  be 
thus  caused  by  an  electric  change  and  accession  of  radiant 
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mattar  to  the  blood,  indicates  that  Mate  which  only  is  fit  for 
sustaining  the  phenomena  of  life.  According  to  the  view  which 
was  advanced  under  Visiony  this  accession  of  radiant  matter 
which  the  blood  receives  from  the  air  at  the  lungs  is  equiva- 
lent to  a  power  of  secreting  matter  in  this  state,  supposed  in 
that  chapter  to  be  possessed  by  the  nervous  structure ;  and, 
therefore,  the  blood,  as  well  as  the  nervous  system,  contains  a 
quantity  of  sensorial  matter,  though  here  it  is  not,  as  in  the 
other  case,  disposed  symmetrically,  or  so  as  to  be  capable  of 
eoDStituting  a  conunuous  sensorium,  and  of  transmitting  any 
inflnenoe  to  or  from  the  centre  of  the  sensorial  sjrslem.  In  the 
blood,  the  radiant  matter  possesses  an  unsymmetrical,  and  con- 
sequently unquiescent  structure ;  hence  it  necessarily  induces 
a  tendency  upon  the  blood  to  move,  which  motion  or  tendeney 
will  continue  so  long  as  a  symmetrical  poMtloo  of  the  atoms 
is  prevented.  When  this  is  permitted,  all  the  molecules  are 
bound  in  symmetrical  positions,  the  mass  gelatinises  and  coa- 
gulates. The  accession  of  this  radiant  matter,  derived  from 
the  vital  air  which  we  breathe,  stimulates  and  exalts  the  vita- 
lity of  the  blood  ;  and  it  might  be  inferred,  that  if,  during  a 
number  of  respirations,  a  quantity  of  radiant  matter  were  Te> 
ceived  into  the  blood,  without  a  corresponding  quantity  being 
removed,  a  state  of  intoxication  would  be  induced.  But  there 
is  every  reason  to  believe,  that  a  great  portion  of  the  carbon, 
which  is  given  out  in  a  quantity  five  times  as  great  as  the  ra- 
diant matter  which  is  received  into  the  system,  results  imme- 
diately at  the  common  confines  of  the  lungs,  and  air,  from 
free  and  feculent  radiant  matter,  carried  along  by  the  blood 
in  Its  current.  During  the  process  of  assimilation,  and  the 
conversion  of  one  form  into  another,  many  atoms  of  matter 
will  probably  be  disengaged.  We  must  admit  that  calcium, 
phosphorus,  and  carbon,  are  immediately  generated  in  animal 
bodies;  for  it  is  impossible,  on  the  most  extravagant  assump- 
tions, to  explain  their  appearance  in  such  quantities  as  are  se- 
creted or  excreted  in  the  living  body  by  their  introduction  in 
food.  Now,  all  these  forms  are  composed  of  hydrogen  and 
single  atoms  of  matter,  and  require  that,  where  they  arc  de- 
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v^kofiedj  matter  8b«)l  exist  ifi  its  ultimfUe  iitpms.  It  has  been 
8)i9VD9  that  a  piuticl^  of  nitrogen  may  degenarate  into  car- 
bon, becoming  thereby  a  symn^etrical  body,  by  giving  off  five 
atwis  of  matter.  It  is  very  reafljpnable  to  suppose  that,  in 
the  Uood,  be8i4es  its  own  active,  symmetrical,  and  perfectly 
organized  partides,  these  exists  a  quantity  of  feculent  matter 
in  tl|9  state  of  ultimate  atpn^  Now,  the  disposition  of  this 
feo|ilent  atomic  matter  to  uaite^  so  i|s  to  oopstitiite  the  partis 
cles  pf  bodies,  mi|s(  be  very  grfiat»  ayve  especially  as  t/tte  eleo* 
trip  states  of  the  atoms  themselves  wi)l  perhaps  be  diffisrent, 
aoDording  to  th^  positiaqs,  and  the  manner  in  which  they 
have  been  disengaged.  The  {amplest  form^  which  they  can 
assume  U  hydrog^i,  whi^,  in  such  ciicumstiinoes,  is  equiva* 
kttt  to  water.  After  this  is  carbon,  the  evolution  of  which 
will  be  detenmned  by  the  native  state  of  venous  Uood,  and 
the  presence  of  the  confprmaUe  aqd  ooqsecutiye  pales  of 
QBygen  to  reo^ve  it.  Besides  these  bodies,  ii  seems  extremely 
pcobable  that  substances  should  sometimes  be  developed  in  the 
blood,  calculated  to  change  its  organisation,  and  of  course  to 
paoduoe  death.  As  will  be  afterwards  shewn,  soda  and  iron 
seem  very  probable,  but  they  perhaps  may  not  act  injuriously. 
They  are,  besides,  extremely  dissimilar  to  the  common  or- 
ganic elements  along  with  which  they  are  assoaated  ;  hence 
they  will  increase  very  slowly,  and  will  be  subject  to  resolu- 
timi.  But  perhaps  it  is  to  the  development  of  substances 
foreign  to  the  healthy  constitution  of  the  blood  that  fevers 
owe  their  existence. 

Carbon  and  water,  then,' are  the  two  Ixxlies  which  we  should 
expect  to  be  given  off  from  the  lungs,  and  it  seems  not  im- 
probable that  the  former,  at  least,  is  immediately  generated 
in  the  presence,  and  in  some  measure  by  the  induction,  of  the 
oxygen  which  carries  it  off.  If  oxygen  be  not  present,  the 
matter  then  must  remain  in  the  blood.  At  first  it  must  stimu- 
late the  system  more  powerfully,  thus  imparting  to  the  suffo- 
cating man  his  astonishing  muscular  energy ;  and  if  fresh  ra- 
diant matter  be  supplied  at  the  same  time,  his  muscular  energy 
may  be  for  a  while  sustained,  and  a  sense  of  suffocation  pre> 
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vcntiiL  But,  iinleit  the  ezcarementilious  maUiar  it  renovsd 
as  ctiboDy  by  the  incidcBoe  of  osygoi,  deflth  mtMt  ipcedify 
foUcnr. 

ThflM  it  no  other  gM  but  vital  air  which  caa  carry  off  the 
oarixMi;  hfloee  none  beade  it  fit  for  reapinitaoii.  To  auitain 
hoidth,  it  mutt  be  tuppUed  in  that  quautitj  to  wUch  our  or- 
gwiHiitfinn  it  ooufomed.  A  tmall  folumeof  vital  air  will  aoa* 
taio  Ufa  logger  then  tha  tame  volume  of  eommon  air,  ba* 
eautt  it  doet  apt  exhauat  the  tyttem  to  tpeedily  m  to  pe»> 
data  dinth ;  while  it  can  supidy  five  timea  at  jnaeh  nafiant 
amtter,  aad  carry  off  five  timet  at  nnich  oarbon,  at  an  equal 
vakune  €i  common  air.  But  were  the  finee  air  around  ua 
uadilttltd  vitiil  air,  the  coune  of  life  would  go  on  too  ra^ 
pidly.  We  thould  not  indeed  be  inUnicated,  beeauat, 
though  a  greater  quantity  of  light  entered  the  tyttcat,  a  pio- 
portionaUy  greater  quantity  in  the  ttate  of  carbon  wat  with* 
diawn ;  bat  the  pulte  would  be  lapid,  our  hourt  anxioot  aad 
laadirn,  aad  we  tbould  tooa  die. 

Akhougb,  however,  there  it  no  other  gat  except  vital  air, 
whith  it  fit  for  tuttaining  a  true  retjnradon,  imparting  radiant 
matter  by  itt  detcent,  and  removing  carbon  by  itaatcent,tlMn 
it  another  gas  which  does  not  injure  the  texture  of  the  lunga, 
and  which,  when  breathed  pure,  supplies  radiant  matter  in  the 
tame  quantity  as  vital  air.  This  is  nitrous  oxide  (Fig.  48.), 
which  has  been  already  described;  it  cannot  easily  evolve 
carbon,  because  its  poles  are  unconformable,  and  its  affinity 
for  carbon  indirect.  Hence,  while  it  is  breathed,  this  gas 
must  intoxicate,  for  it  supplies  radiant  matter  from  without, 
and  does  not  remove  any  from  within  in  the  state  of  carbon. 
Its  intoxicating  effects  have  excited  the  admiration  and  curio^ 
sity  of  chemists,  and  it  has  obtained  the  name  of  Intoxicating 
Gas. 

Physiologists  have  often  wondered  in  what  way  the  external 
air,  drawn  down  into  the  lungs,  should  be  able  to  find  access 
to  the  blood,  as  the  air  and  blood  arc  believed  to  be  parted  by  an 
impervious  membrane.  But  the  most  impervious  tissue  that 
can  readily  he  conceived,  will  no  doubt  contain  numberless 
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-moleonlet  of  wtfter,  If  it  be  not  wholly  consdtutodl  of 
mUk  a  jfWuiie^wofk;  and'thto  tiMH^  tifDUgb  itcoaldnot  tnninit 
Uood  or  ray  of  itt  Hquld  parti^  would  Miffer  ndiant  matter^ 
caiboB)  faydiogaii)  oxygeiiy  ami  nitfogen  to  Aid  aveady  tfani* 
mkmm.  The  qinuititymit  ifanM^  wonid  dqiend-oii-the 
^pMtttity  carried  of,  or  e^Aporatbd  fWan  the  lAMdHL  'The 
iifcefaandtogeaMftothattif  wafer ''fflt{iiMtliroagh'>atiaibiiB 
ilofae,  or  lotlie  otdfattrf'phciloiiieria  ef  per apiiatkiii  ^the 
qumtity  tmimitted  depending  upon  the  quantitif  ^oMried 
|gftomdie'oiitride»'apd<p(Briaydhnfaifahfa  when-the^po- 
MA'titrae'oGnlfaHieielpggcd  with  a  q|iMnlity  of  matter^n  a 
IMdy*  ^hen  it  18  enAMOfid: 

^Itadghtbe  ezpeoted,  other  thii^  being  equal,  that'the 
— Iiiily  of  Ifae  vital  air  in  die  lunge  would  lie  grtalest  when 
the  *nMfiant '  mediutti  to  -wMeh  ita  vital  part  bdongs'  it  most 
powarMly  ezdted  or  mdeth^Uy  illuminated,  that  bat  mid- 
day;  and  Aat  it  woidd  deoreaie  both  towards  merning  and 
evening,  and  eontinne  least  during  dM  darknets*  Now;^  these 
wanhs  •  have  hesn  iCom[delely  anticipated  by  the  wcarches  of 
that  esqednte  dMsist  and' philesopbcr  Dr  Prant,  wbtf  found 
that  the  quantity  of  oombustiton  going  on  in  the  hunutti  lungs 
Inpt  pace  with  the  altitude  of  the  sun,  being  greatM  at  noon 
and  least  during  the  night  Henoe  we  see  how  sleep  is  natu* 
tally  induced  by  darkness.  Light,  on  the  other  hand,  whe- 
ther natural  >or  ardfidal,  keeps  us  awake,  exMlamting  tlie 
vital  activities  both  by  the  direct  action  of  the  luminous  imys 
on  the  eye,  and  by  the  descmt  of  illuminated  atoms  of  radiant 
matter  into  the  breast 

In  states  of  inUnicatioo,  it  is  also  remarked  by  the  same 
philosopher,  that  the  quantity  of  carbon  given  out  of  the  sys- 
tem is  less  than  in  states  c^  ordinary  composure.  The  free 
ndiant  matter  a^qiears  by  the  state  of  excitement  of  the 
system  to  be  sustained  in  a  state  too  highly  repulsive  to  admit 
of  its  aggregating  into  feculent  masses,  and  being  thrown  out 
as  carbon.  Hence  a  combination  of  drcumstances,  and  a  con- 
dition of  the  bkiod  and  bndn  result,  similar  to  that  produced 
by  intoxicating  gas.    In  what  reguMi  this  vital  current  an- 
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nooBcei  iU  sUte  to  the  nervous  «yst«oi,—wheClier  the  nenroiis 
filoncnts  give  off  their  ndiont  matter  into  the  blood»  whiehi 
IB  catetctf  intoxication,  being  surcharged  already,  cannot  take 
up  any  more,  and  thus  sustains  a  state  of  vividness  and  ten* 
sion  over  the  whole  system, — whether  a  great  part  of  the  n^ 
dimX  matter  derived  from  the  air  by  the  lungs  be  not  imme^ 
diatdy  deposited  by  the  blood  in  the  brain ;— these  are  ques- 
tions 00  which  some  light  may  perhaps  be  thrown  in  a  subs»- 
qusBt  page. 

Tha  quantity  of  vital  air  which  la  converted  into  fixed  air 
in  the  lungs  of  animals  every  day  is  immense.  In  this  w^f 
no  fewer  than  100  cubic  inches  are  generated  every  three  or 
four  minutes  by  one  penon ;  and  such  is  the  quantity  of 
carbon  that  is  exhaled  in  oonsequence,  that,  if  preeipitated« 
it  would  amount  to  about  one  pound  of  charcoal  every  daji 
which  is  much  more  than  could  enter  into  the  system  from 
the  carbonaceous  elements  of  the  food  commonly  eaten.  Nei- 
ther is  this  exhalation  confined  to  the  lungs.  It  has  been  ob- 
served even  in  man  that  carbonic  acid  is  given  off  from  the 
akin  of  the  hands;  and  in  many  animab  with  simple  lungs  it 
is  from  the  external  surface  of  their  bodies  that  carbon  b 
given  off  in  largest  quantities.  We  should  naturally  con* 
dude,  then,  that  the  quantity  of  carbonic  gas  must  accumu- 
late very  rapidly  in  the  atmosphere,  for  no  natural  process  is 
known  by  which  it  is  decomposed  in  larger  quantities  than  it 
is  generated.  But  if  it  be  maintained  that  carbon  is  gene- 
rated in  the  human  body,  it  need  not  be  denied  that  it  may 
be  resolved  in  the  sunbeam  into  radiant  matter,  and  carbonic 
converted  in  the  process  of  time  into  vital  air  again.  There 
must  be  one,  and  there  can  be  only  one,  condition  of  the  at* 
mospbere  which  is  quiescent  and  in  harmony  with  the  existing 
state  of  our  planet,  and  departures  from  this  state  must  be 
constantly  corrected  by  those  forces  which  determine  vital 
not  fixed  air  to  be  natural  and  quiescent. 

It  has  been  stated  that  the  fixed  air,  or  mineral  carbooie 
acid  of  diemists,  differs  from  vital  air  in  th^  exterior  poles  be- 
ii^f  occupied  by  carbon  instead  c^  an  atom  of  radiant  matter. 


M4      .  OVtlAABQlll. 

TIhi  atooiie  Height  of  a  pHtide  M  cMMeliueAt]  j  16^  Hf  i  flMfe. 
tflrifr  80|  and  ihe  weight  of  100  eulbk  iflches  iliuM  be  t^ 
niave  tlMHi  th^  mubi*  t^ldme  «f  Mygen  {rMi  iti^  wHhMt  Ha 
^Oobk  in  tlM  pM)^  or '81  *f-  ICft  £=  tftff  gfaitM ;  aAd  d^ 
^»ag^  ought  tol>e  fboild  bfftbe  htSMtoBy  an  its  aAoiiilc  ^efttttak 
iifepowetlithe  MbM  as  that  ^  ifitMntaioii  4ir,  Attfttfici^lfe 
liJiMiift  iiiijf  liiniifiltir  in  tii  ttn  npniflr  hiift  It  fetm^'of 
tlRM'-gaiBt  Indaifd^  ntllicb  Mgbt  to  \fjtfis  Ib^  Ammc  utdftMi  M- 
suits  in  thebalanee,  fadi^neitlier  Kable  to  theinddmfetf  the 
Mliaat  ueifiuni^  Mr  wdng  taciUilV^^  AMxHxi^^ 

Wto  fliui  that  obstrveiv  have  nerer  diAred'  by  one  gtMiuy  iipdA 
mwmuff  in  their  deiemiinatioiis,  but  bAV«  feimd  it  edUistiuitly 
iMMen  4(7.11  giiutts  and  4&M;  iilid  probably  the  former 
■umbers  irhicfa  is  thkt  of  Sk  H.  Davy,  iir^»(^  nMf  Ae  trMb. 
Thegas  whidi  bas  given  sndi  imifbAii  results,  was  itf#ayft 
disengaged  ftodo  Ihbestone,  in  whieb  it  iBiists  littited  to  tfte 
oaleanous  earth. 

•  *  The  qnandiy  of  otfbon,  suspended  in  100  indieii  of  flxtsd 
m^  is  ISJ  gndns ;  and  there  are  in  the  sMnevolumi^Mtnany 
fagtioUsas  there  are  of  wygeo,  or  double  the  number  in  tuie 
ssma  <vdume  as  of  bydrogte,  nitrogen,  &e.  It  is  ctolntnonly 
supposed  that  carbomc  add  oonrists  of  vital  air  and  caribon ; 
hence  the  quantity  of  carbon  present  would,  of  necessity,  be 
only  (46.6  -;^  84)  or  19.6  grsins,  and  the  ratio  of  oxygen  to 
carim  in  a  given  voluine  that  cif  S  to  ;75,  instead  of  S  to  1. 
Two  atoms  ^  caiboil,  then,  aoeording  to  the  common  vie#,  ju*e 
just  eqiial  to  three  of  those  h<^«  advanced  *. 

When  vital  is  inverted  into  carbonic  air,  it  suffers  no 
dumge  of  volume,  but  it  is  more  easily  ccmdensed.  Under  a 
pRssure  of  thirtyj«ix  atmospheres,  it  is  r^uoed  to  the  liquid 
fbrm ;  and  there  is  evidently  no  risk  of  violebt  oompresriM 
resolving  it  into  water,  as  there  is  in  the  dn»  Of  vital  klir. 

*  Hence  the  qiuntitj  of  carbon  in  carbonic  add,  according  to  the  usual 
▼ieirs  of  ittyHlnKMition,  ia  leas  than  that  in  the  substance  here  treated  of 
ttk  UM  tsllHBto  14SS,  by  whidi  number  the  carbon  in  aoaljses,  when 
dsduoad  ft9R||k%aihKltj  of  caiftoBic  add  genented  by  the  Asengagis 
mtnt  of  flsMda^Yi^oai  minenl  bodies^  moit  be  multiplied  to  find  tbe 
quantitj  according  to  the  views  of  this  work. 
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Cirbonic  gat  is  absorbed  by  water  in  ocmsidcrable  quanti- 
desi  and  is  that  gas  which  imparts  to  e£Rsrf  eadng  drmugbts, 
s|Mtfkling  wines,  md  iiialt^liquors,  their  agreeable  putigenqr. 
Its  acid  properties  are  very  weak.  Delicately  tinted  bodiesi 
■neb  as  litmus  paper,  are  reddened  by  it,  but  tbeir  colour  is 
again  restored  when  they  are  exposed  to  the  air,  in  eonset* 
quenee  of  the  natural  evaporation  of  the  add  gas;  It  unites 
irith  baaea  in  quantities  depending  on  their  focms  and  powers 
of  saturatioo ;  and  the  salts  resulting  are  most  frequently  of  a 
slony  nature.  It  cannot  be  made  to  descend  into  the  lungs^ 
aa  it  exdtesa  violent  qpatan  in  the  glottis.  Where  it  exists  ao 
touch  diluted  by  common  air  that  this  spasm  is  not  occasion^ 
ed,  it  nets  as  a  narcotic  poison,  speedily  producing  lassitude 
and  inability  to  escape.  Hence,  being  generated  idiundantly 
in  many  damp  carbonaceous  strata,  it  has  often  occasioned 
death  to  miners,  and  has  received  the  fomudable  name  of 
Choke-damp.  lu  disposition  to  absorption,  the  similarity  of 
its  form  to  that  of  nitrogen  and  vital  air,  which  gives  rise  to 
a  repulsion  between  them,  and  prevents  their  passing  each 
ocber  in  oppoatc  currents,  and  its  great  weight,  combine  to 
tender  its  equable  diffusion  through  the  atmosphere  compaim> 
tively  very  slow.  It  may  be  poured  from  one  vessel  to  an* 
other  like  a  liquid.  Hence,  also,  it  remiuns,  filling  wells,  pits, 
caves,  biewers"  vats,  and  other  hollows,  in  which  it  has  been 
generated  ;  and  as  it  is  invisible,  individuals  who  have  incau- 
tiously descended  into  such  places  have  sometimes  been  chok* 
ed.  Others,  again,  who  have  fallen  asleep  on  floors  and  lo# 
beds  in  close  chambers,  where  charcoal  fires  were  burnings 
have  sometimes  never  awoke.  As  an  atiUosj^ere  unfit  fbr 
respiration  is  also  unfit  fot-  combustion,  the  ptesence  of  car. 
bonic  gas  in  fatal  quantities  may  be  readily  detected  by  pnt. 
ting  down  a  lighted  candle. 

Fixed  air  is  contained  in  large  quantities  in  the  soil  and  in 
manures,  and  appears  to  be  a  substance  highly  nutritive  to 
plants.  In  fact,  it  only  requires  a  particle  of  hydrogen  to 
give  origin  to  one  of  water  and  one  of  Arbon,  and  to  go 
directly  to  the  aqueous  and  carbonaceous  tissue.     It  occurs, 
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also,  in  waters  whose  vital  air,  absorbed  firooi  the  atmoqph««^ 
fidies  convert  into  fixed  air  by  a  process  similar  to  the  breath- 
ing c^  land  animals.  It  is  present  in  the  atmosphere  ooly  in 
a  very  minute  quantity.  The  sir  on  the  siunmit  of  Moot 
Blanc,  around  those  who  observed  it,  was  found  to  contain 
carbonic  add ;  but  whether  it  be  proper  to  these  lofty  negnoniBf 
or  was  derived  from  those  who  collected  iu  cannot  be  imme- 
diately judged  of  from  the  circumstance  that  it  was  found 
there.  There  can  be  no  doubt,  however,  that,  in  a  suffii* 
dent  time,  an  uniform  mixture  will  take  place  between  oq«i* 
mon  air  and  carbonic  add,  though  the  time  which  it  requirea 
to  be  penetrated  by  the  partides  of  air,  and  ascend  amoqgat 
them,  be  much  greater  than  in  most  other  cases.  Thus,  Ber- 
thoUet  found  that,  when  volumes  of  carbonic  add  and  vital 
air  or  nitrogen  were  connected  by  a  narrow  tube,  the  add 
gas,  after  M  hours,  was  twice  as  dense  in  its  own  baUoon 
as  in  the  other ;  but  when  it  was  placed  in  contact  with  hy- 
drogen, in  that  time  its  density  was  equal  in  both. 

It  has  been  remarked,  however,  that  there  is  a  certain  con- 
stitution which  is  proper  to  the  atmosphere  in  the  existing 
state  o(  the  world,  and  if  to  this  a  certain  admixture  of  fixed 
air  be  necessary,  it  will  speedily  be  carried  thither,  though  it 
could  not  penetrate  other  gases.  Its  tendency  to  move  is 
not  absolute  but  dependent  on  the  medium  in  which  it  exists. 

Such  are  some  of  the  properties  and  the  structure  of  the 
fixed  air  which  exists  abundantly  in  nature,  and  is  commonly 
described  in  chemical  works.  But  it  is  apparent  that  others 
may  sometimes  arise  from  the  combustion  of  carbonaceous 
substances.  It  will  afterwards  be  shown  that  Oxalic  Acid  con- 
dsts  of  four  particles  of  carbon  and  three  of  oxygen,  arranged 
on  a  common  axis ;  and  that  in  Cyanogen  three  partides  of 
carbon  are  placed  on  a  common  axis  of  a  still  greater  length* 
Any  combination  whose  axis  is  shorter  than  this,  may  pro- 
bably be  occasionally  developed  in  certain  experiments  of  com- 
bustion. We  cannot  avoid  the  conclusion  that  partides  of 
carbonic  add  abundantly  generated  from  a  violent  combus- 
tion or  otherwise,  should  apply  themselves  to  each  other  in 
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the  DaBoent  state,  so  as  to  generate  other  molecules  than  those 
ct  mineral  fixed  air.  Thus  two  particles  of  fixed  air  might 
retain  a  particle  of  carbon  in  the  cavity  between  them,  which 
is  conformable ;  and  if  the  molecule  only  attained  to  this 
structure  when  escaping  from  the  region  of  combustion,  in 
this  state  it  might  ascend  into  the  gasometer.  Such  a  form 
is  completely  isamorphous  with  common  fixed  air,  and  none 
of  the  tests  for  carbonic  acid  would  be  sufficient  to  distinguish 
it.  To  prevent  circumlocution,  it  may  be  called  Citrogen,  for 
a  reason  soon  to  be  perceived.     Its  atomic  weight  is  85. 

But  such  a  gas  is  not  completely  burned  or  saturated  witli 
oxygen,  and  though  it  were  generated  during  the  combustion 
of  carbonaceous  substances,  it  could  only  escape  farther  com- 
bustion if  it  was  developed  on  the  confines  of  a  region  where 
combustion  could  not  take  place.  It  could  certainly  neither 
penetrate  an  atmosphere  of  oxygen,  the  {XToxide  of  copper, 
nor  chlorate  of  potash^  without  receiving  oxygen  on  its  poles. 

If  we  suppose  that  it  might  sometinu^s  escape  with  only 
one  particle  more  of  oxygen,  then  the  rc*sulting  molecule  would 
simply  be  a  temate  molecule  of  fixed  air,  or  that  quantity 
proper  to  the  sesquicarbonates.  Such  a  form,  lK>wever,  is 
not  symmetrical,  and,  in  this  respect,  is  worse  than  a  binate 
molecule  of  fixed  air,  while  it  is  no  better  as  to  the  supply  of 
oxygen  to  the  carbon.  In  all  cases  where  oxygen  is  supplied 
in  abundance,  and  where  the  CDnditions  are  most  favourable 
to  combustion,  a  completely  burned  sort  of  carlmnic  gas  may  be 
expected,  in  which  there  are  three  |)articles  of  carlxvn  and 
four  of  oxygen  *.  Such  a  body  is  perfectly  analogous  to  that 
oxide  of  manganese  generated  by  heat,  and  named  the  lied 

*  It  is  a  very  fortunate  circumstance  that  the  ratio  of  oxjgcn  and  car« 
Imni,  In  this  fort  of  carbonic  gaa,  is  the  same  as  that  commonly  inferred  to 
exifi  io  all  carbonic  acids ;  for  as  it  is  almost  alwi^s  dcreloped  in  the 
analytic  combustion  of  organic  bodies,  the   quantity  of  carbon,  when 

taken  at  ^ths  of  the  aildition  wliich  the  potai>h  has  received  in  weight  by 

abaorption  of  fixed  carbonic  gas,  is  truly  ascertained.  Four  particles  of 
oxygen  bear  the  same  ratio  to  three  of  carbon,  that  two  of  oxygen  do  to 
one  of  carbon  according  to  the  common  systems,  40  s  16  i:  S  :  .75* 
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Oxide ;  and,  as  we  shall  afterwards  find,  the  seplenate  mole- 
cule  of  carbon  constitutes  manganese. 

It  is  to  be  remarked,  however,  that  this  gas,  in  consequence 
of  its  magnitude  and  two  volumes  of  oxygen  being  implied 
in  every  particle,  must  certainly  occupy  a  double  volume,  or 
contain  in  the  same  volume  only  half  the  number  of  partidcs 
that  there  are  of  molecules  of  vital  or  fixed  air.  In  its  pro- 
duction from  vital  air,  therefore,  there  will  be  no  change  of 
volume  in  the  latter,  just  as  in  the  case  of  fixed  air.  Its  pro- 
duction by  detonation,  however,  is  probably  a  rare  occurrence, 
except,  perhaps,  when  every  particle  of  the  gas  detonated  con- 
tains three  particles  of  carbon  suitably  disposed  for  giving  rise 
to  this  molecule.  Such  is  the  state  of  matters  in  cyanogen^ 
The  detonation  is  violent,  and  when  it  is  burned  with  excess 
of  oxygen,  it  appears  that  almost  the  whole  is  resolved  into 
this  gas,  for  the  carbonic  gas  resulting  is  not  much  short  of 
double  the  volume  of  the  cyanogen,  whereas,  were  the  mine- 
ral fixed  air  generated,  it  would  only  amount  to  1|  times  the 
volume  of  the  same. 

The  atomic  weight  of  this  carbonic  gas  is  65  (4  x  10  oxy- 
gen, -f-  3  X  5  carbon),  and  the  weight  of  the  same  number  of 
particles  as  there  are  of  molecules  of  vital  or  fixed  air  in  100 
inches,  would  be  85.25  grains  (2  volumes  oxygen  62  -f-  8 
particles  carbon,  3  x  7.75) ;  and  100  inches  would  of  course 
weigh  the  half  of  this,  or  43  grains.  But  its  poles  are  con- 
cave, and  will  be  subject  to  the  incidence  of  radiant  matter, 
which  will  add  something  to  its  weight ;  so  that,  upon  the 
whole,  though  it  had  been  weighed,  no  very  marked  difler- 
ence  between  its  weight  and  that  of  fixed  air  could  be  noted. 
Nay,  its  deficiency  in  the  equatorial  region  might  even  induce 
us  to  suppose  that  it  was  subject  to  the  incidence  of  five  atoms 
there,  as  is  more  obviously  the  case  in  cyanogen  and  chlorine. 
This  would  add  about  two  grains  more  to  its  weight,  so  that 
the  difference  between  its  specific  gravity  and  that  of  fixed 
air  would  be  almost  insensible.  This  body'^s  impatience  of 
the  gaseous  state^  however,  must  be  greater  than  that  of  fixed 
air.    Like  cyanogen,  fixed  air,  and  other  analogous  forms,  it 
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will  no  doubt  be  abeorbed  by  potash  with  avidity.  Bill  pn- 
bably  means  may  be  resorted  to  by  whidi  the  carbonic  §■§ 
in  union  may  be  reduced  to  its  Intimate  stat^i  and  thus  i| 
fourth  part  of  the  volume  of  oarbonio  gas  absorbed  be  tufL 
tree  as  vital  air. 

The  quantity  of  carbon  in  100  inches  of  the  carbonic  gtm$ 
contaimng  three  particles  of  carbon,  is  about  11.607  gratii% 
while  in  fixed  air  it  is  15.0  grains  *• 

It  qypears,  then,  that  the  same  quantity  of  carbon^  whsn 
elevated  into  the  gaseous  state  by  union  with  oxygeUt  mtff 
give  rise  either  to  one  and  a  half  or  two  vohimes  of  carbonio 
gas,  according  as  it  is  disposed  of  as  fixed  air  or  this  oarbonb 
gas  of  combustion.  For  it  is  presumed  that  die  vital  air  d»» 
termines  the  density,  and^  in  fixed  air  there  b  only  one  vit^ 
lume  of  oxygen  and  two  of  carbon ;  in  this  again,  there  are  iwp 
of  oxygen  and  three  of  carbon.  It  may  be  possible,  thetefori^ 
fiom  the  same  quantity  of  an  organic  substance  to  raise  eitlier 
one  and  a  half  or  two  volumes  of  carbonic  gas,  according  la 
the  manipulation  employed. 

If  these  views  be  sound,  the  discordant  results  which  OMPfc 
the  details  of  organic  analyses  by  the  most  eminent  cbemiste 
no  longer  appear  anomalous.  As  I  shall  often  have  oorawop 
to  speak  of  this  gas^  and  cannot  find  a  name  for  it  already 
applied  to  the  carbonic  gases  which  might  not  occasion  mas^ 
takes,  I  shall  call  it  P}rragyne  or  Pyragjmic  Add  f . 

Carbonic  Oxtdf .— When  both  poles  of  a  partide  of  oxygen 
are  covered  by  carbon,   a  very  symmetrical  icosaedral  fonn 

*  These  numbera  are  to  eseh  otbsr  neariy  ia  the  rstl«  of  «893  %o  t.m, 
•ni  ss  we  muflt  multiply  the  carbon  of  analjries  infisrred  fh>m  the  volume 
bj  l»22t|  when  that  volume  it  8uppo«ed  to  be  fixed  air,  lo  we  must  multiplj 
it  bj  4)83  when  the  gas  evolved  is  supposed  to  be  this  sort  of  carbonic  gis» 
The  quantity  of  carbon  commonly  supposed  to  exist  In  carbonic  acAd^  is 
about  eqnal  to  a  mixed  atmosphere  of  the  twocarbonic  gases,  of  which  tAx 
yoiwiaw  are  of  the  tricarbonated  sort  and  one  of  fixed  alr»  Heace  analjisi^ 
when  infinnwd  fnm  the  volume,  are  sometimes  not  ht  from  that  which  is 
here  supposed  to  be  the  truth. 

f  00^  yttv-mrty  strue  llgneorum  igne  subjecto  natus  est. 

Y  a 
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(Fig.  690  faults,  which  is  the  gaseous  oxide  of  carbon^  and 
ii  the  first  of  a  series  which  form  the  radicles  of  hydracids. 
Its  atomic  weight  is  SO.     Its  specific  heat  and  refractive 
power  are  much  the  same  as  those  of  nitrogen.     Its  quantity 
of  matter  and  density  are  the  same ;  hence  the  weight  of  100 
inches  ought  to  be  the  same,  or  nearly  30  grains,  and  thi»  is 
found  by  experiment.     It  possesses  a  somewhat  disagreeable 
odour,  and  bums  with  a  thin  blue  flame,  being  thereby  resolv- 
ed into  fixed  air.     To  effect  its  conversion,  every  particle  re- 
quires one  of  oxygen  ;  and,  therefore,  a  volume  of  the  com- 
bustible gas  requires  half  a  volume  or  an  equal  number  of 
particles  of  vital  air,  which  disappears  entirely,  and  as  many 
molecules  of  fixed  air  are  produced  as  there  were  particles  of 
carbonic  oxide.     These  phenomena  may  be  produced  by  the 
electric  discharge,  which  has  the  power  either  of  decomposing 
or  recomposing  carbonic  oxide.     If  a  volume  of  the  oxide 
and  half  a  volume  of  vital  air  be  mingled,  and  treated  with 
electricity,  there  results  only  one  volume,  which  is  all  add.    If, 
again,  a  volume  of  acid  be  treated  in  the  same  way,  ,there 
arises  a  volume  and  a  half;  the  former  oxide,  and  the  latter 
vital  air.     This  gas  is  not  known  to  be  given  out  during  na^ 
tural  processes,  being,,  as  we  shall  presently  find,  always  en- 
gaged  when  in  a  disunited  state,  with  hydrogen.     It  is  isa^ 
morphous  with  a  particle  of  nitrogen,  as  we  have  supposed  it 
to  exist  when  first  developed  in  the  animal  system,  and  con- 
tains the  same  number  of  atoms  of  matter.     It  is  the  charac- 
teristic  form  in  the  most  nutritious  vegetable  substances; 
and  one  of  the  effects  of  animal  assimilation  seems  to  be  to 
impart  unity  to  it,  so  that  it  shall  expand  when  set  free  at 
the  equator,  and,  instead  of  a  compound  combustible  gas, 
constitute  a  quiescent  binate  molecule  of  nitrogen.     Carbonic 
oxide  seems  to  escape  during  the  puddling  of  iron.     For  the 
purposes  of  experiment  it  may  be  procured  by  deoxidizing 
every  other  particle  of  nascent  fixed  £ur,  or  by  disengaging 
it  from  chalk  in  the  presence  of  iron.     It  is  also  obtained 
from  oxaEc  acid,  into  whose  composition  it  enters  as  a  con- 
stituent part. 
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Jcid, — Carbonic  oxide  is  analogous  in  its  structure 
to  a  dasB  of  bodies,  which  receive  hydrogen  on  their  pdes^ 
and  oonsutute  hydradds.  These  hydracids  appear  to  be  very 
dmndant  in  the  products  of  organization,  and  we  should  in- 
fer that  none  possesses  so  simple  a  structure  as  acetic  add. 

Wherever  green  farinaceous  or  saccharine  vegetable  matter 
is  exposed,  in  a  state  of  solution,  to  a  warm  temperature  and 
the  open  air,  it  is  apt  to  ferment,  and  to  beocnne  vinegv. 
The  add  particle  which  imparts  to  vinegar  its  sourness  «id 
property  of  dissolving  limestone,  is  composed  of  a  partide  of 
oarbonie  oxide,  with  one  of  hydrogen  on  one  pole,  (Fig.  70). 

Acetic  add  is  also  formed  in  the  living  vq^bk  tissue, 
and  remains  in  union  with  lime  or  potash.  At  the  period  of 
drying  up,  and  decay  of  the  vegetable  structure,  it  appears 
to  be  devdoped  in  a  free  state,  and  to  give  rise  to  the  acid 
tints  that  precede  the  fall  of  the  leaf.  It  is  also  abundantly 
formed  in  the  destructive  distillation  of  wood.  From  this 
source,  the  Pyroligneous  or  Pyroxylic  Add,  or  Wood-vinegar 
of  commerce,  is  derived,  and  it  is  chiefly  to  its  presence  that 
burning  wood  owes  those  pungent  fumes  which  act  so  power* 
fully  upon  the  eyes  Acetic  add  is  a  form  of  very  great 
delicacy,  in  consequence  of  the  vicinity  of  its  hydrogen  to  its 
oxygen,  and  thdr  existence  in  the  quantity  requisite  to  form 
water.  If  it  could  be  procured  free  from  water,  it  would 
doubtless  be  an  inflammable  gas,  and,  at  a  certain  temperature, 
spontaneously  explosive.  When  united  to  water,  in  which 
state  only  it  can  be  obtained,  it  is,  in  its  most  concentrated 
state,  a  very  pungent  volatile  liquid,  having  power  to  disor- 
ganise the  skin.  Its  vapour  is  combustible,  yielding  water 
and  carbonic  acid. 

The  atomic  weight  of  a  single  {article  is  ^^,  (10  carbon  -f- 
10  oxygen  +  2  hydrogen).  Its  carbon  and  oxygen  are  equal 
in  quantity,  and  after  spontaneous  destruction,  it  would  be  re- 
solved into  water,  and  ^,5  per  cent,  of  residuary  charcoal. 
These  proportions  of  its  constituents  have  been  determined 
with  precision  by  Bcrzelius  and  Dr  Prout.  BerzeKus  states 
its  carbon  46.82,  and  oxygen  46.83,  and  its  hydrogen  very 
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BBuAy  twice  the  volume  of  its  oxygen,  or  in  the  proportidD  to 
fiHte  water ;  and  Dr  Prout  has  shewn,  that  its  oxygen  and 
hydrogen  are  exactly  in  that  proportiob. 

But  acid  in  ihe  state  of  insulated  particles  canilot  be  <ib- 
taided  (  for  the  add^  when  disengaged  from  combination  with 
a  base^  i^  always  united  to  water ;  three  particles,  as  umal, 
bong  fixed  around  the  equator  of  a  particle  of  water.  The 
quantity  df  acid  in  this  hydro-molecule  is  66,  of  water  IS ; 
and  in  the  salts  which  acetic  acid  foihoas,  it  v^  often  entete 
into  union  in  these  teroate  hydro^moleculea*  Its  salts  are  of 
a  irery  iaiperfect  kind,  and  are  rety  difficultly  debated  into 
the  ctystalline  state. 

Thd  acid  itsdf  in  the  state  of  hydro-mdecules,  is  capable 
td  assuming  the  crystalline  state^  at  temperatures  under  KT 
Mat.  or  BOP  Fahr. ;  and  this  applies  also  to  another  hydros 
molecule,  more  fully  charged  by  acid  than  the  temate.  For 
it  is  only  to  be  expteted  that  the  dexterity  of  chemists  should 
be  able  to  insert  another  particle  of  add  in  the  pole  of  the 
central  particle  of  water,  and  thbs  to  give  rise  to  a  quater* 
nate  hydro-molecule,  in  which  the  ratio  of  the  add  to  the 
water  is  88  to  12,  or  100  to  13.6.  Now,  the  strongest  acedc 
add  is  said  by  Thenard  to  contain  1S.5,  and  by  Mollerat, 
1476  of  water  on  100  of  acid,  the  mean  of  which  is  the  true 
ratio,  or  13.6  on  100  of  acid. 

We  found  that  the  oil  of  vitriol,  in  which  the  greatest  con- 
densation occurred,  was  that  in  which  the  two  naked  poles  of 
the  sulphur  in  every  particle  were  covered  with  water,  and 
when  there  was  no  more.  Here,  there  are  in  every  molecule 
three  naked  poles,  conformable  for  the  reception  of  water,  and 
the  greatest  density  ought,  for  a  like  reason,  to  occur  when 
they  are  supplied,  and  there  is  no  more,  that  is,  when  the 
number  of  particles  of  add  to  water  is  3  to  4,  or  66  to  48w 
Now,  it  has  been  shewn  by  Dr  Thomson,  that  the  acid  of 
greatest  density  contains  acid  6S.5,  atid  water  45,  which  are 
in  the  ratio  of  66  to  47.5.  When  three  additional  particles 
of  water  are  attached,  another  hydrated  molecule  occurs.  Its 
atomic  weight  is  16S,  or  about  double  that  of  the  molecule  of 
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78.  But  supposing  their  equators  arranged  s3rmaietricaUy  in 
the  same  plane,  and  the  spaces  between  them  equal,  then  the 
number  of  particles  of  the  heavy  m(decule  in  the  same  area, 
oompared  with  those  of  the  other,  would  be  as  4  to  9  nearly. 
When  three  other  particlet  of  water  are  added,  so  as  either 
lo  occupy  the  three  intervals  on  the  equator  of  the  centnl 
purticle,  or,  if  this  was  the  position  chosen  by  the  former 
three,  to  occupy  the  intervals  between  the  three  particlet  of 
water  wUch  are  upon  the  poles  of  the  hydrogen,  and  to  pro- 
duce a  aenate  molecule,  the  acetic  nxilecule  is  oompletdy 
hydtated ;  and  it  is  probable  that  such  are  the  molecules  which^ 
dissolved  or  equably  diffused  in  water,  oonatitiite  vinegar. 
The  mimber  of  aqueous  particles  in  each  is  10,  and  the 
atomic  weiirht  is  198. 


CUrie  Acid. — When  treatbg  of  carbonic  gas,  a  substance 
was  distioguLphed  under  the  name  of  Citrpgen,  which  consisted 
of  a  solid  molecule,  isamorphous  with  a  binate  molecule  of 
fixed  air,  but  differing  by  the  accession  of  a  particle  of  carbon 
into  the  hollow  which  exists  in  the  centre  of  a  molecule  erf 
fixed  air.  It  appears  that  when  a  particle  of  hydrogen  is  inci. 
dent  on  the  pole  of  this  body,  it  constitutes  a  particle  of  Citric 
Acid,  (Fig.  71).  A  particle  of  this  acid,  then,  may  be  regard- 
ed as  a  particle  of  acetic  acid,  with  one  of  carbonic  acid  on 
its  carboniferous  pole.  The  atomic  weight  of  citric  acid«  ac- 
cording to  this  view,  is  37,  (15  carbon  -f  IM)  oxygen  +  ft  hy- 
drogen), and  the  proportions  of  its  elements  are  stated  ex- 
actly by  Berielius  and  Dr  Prout.  The  analysis  of  Beradius 
gives  equal  volumes  of  hydrogen  and  oxygen,  that  is,  one 
particle  of  hydrogen,  and  two  of  oxygen ;  and  the  ratio  of 
the  oxygen  to  the  carbon  is  stated  at  54.8S  to  41.379  54.88, 
and  41.12,  being  the  true  ratio.  The  analysis  of  Prout 
is  still  more  exact.  The  constituents  are  stated  in  carbon, 
water,  and  oxygen,  for  which  there  is  no  hydrogen.  Now, 
there  is  one  particle  at  oxygen,  for  which  there  is  no  hydro- 
gen, and  there  are  only  two ;  hence  the  quantity  stated  by 
Prout  as  oxygen,  must  be  doubled.      This  gives  the  ratio 
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of  84.28  carbon,  and  45.74  of  oxygen,  the  true  ratio  being 
84.28  and  45.706 ! 

The  particle  of  citric  acid  is  too  large  for  forming  in  ter- 
nate  molecules  with  a  particle  of  water.  Dr  Thomson  assigns 
the  equivalent  of  a  particle  of  water  to  every  one  of  the  acid 
(which  would  just  cover  its  hydrogenous  pole),  as  the  constitu- 
tion of  the  crystals  examined  by  him.  It  appears,  that,  in 
these  vegetable  crystals,  the  quantity  of  water  involved  is  some- 
times very  variable.  But  it  is  easy  to  conceive  how  one  he- 
misphere of  a  ciystallizing  molecule  could  be  formed,  if  one 
particle  of  acid  in  the  centre  were  surrounded  on  its  equator 
by  five,  the  number  demanded  by  its  quinate  form,  each  of 
which  had  a  particle  of  water  on  its  pole.  In  this  case,  the 
influence  of  the  surrounding  water  causes  the  central  particle 
to  retain  its  water  with  a  weak  affinity,  and  to  part  with  it 
either  on  entering  the  crystalline  state,  or  during  subsequent 
exposure.  Such  molecules,  in  which  a  particle  of  the  acid  or 
base  form  a  nucleus,  are  not  uncommon,  and  such  appears 
to  have  been  the  crystallizing  molecule  examined  by  Bense- 
lius.  Its  atomic  weight  is  ^2  (222  acid  -f  60  water) ;  and 
it  contains  79  per  cent,  real  acid,  as  stated  by  Berzelius. 

There  is  yet  another  crystallizing  molecule.  By  the  cau- 
tious application  of  heat,  ^d  of  the  water  in  that  more  fully 
hydrated  is  given  off,  and  there  remains  a  ternate  molecule  of 
water  to  six  particles  of  acid.  Now,  though  the  rude  man- 
ner of  driving  ofl^  the  water  by  heat  causes  the  crystals  to 
fall  down  in  powder,  an  arrangement  may  be  instituted  be- 
tween them  in  these  proportions,  which  is  highly  symmetri- 
cal and  analogous  to  that  which  obtains  in  the  bicarbonate 
of  anunonia.  The  ternate  molecule  of  water  occupies  the 
centre,  and  the  six  particles  of  citric  acid  are  distributed  in 
three  pairs  upon  the  most  distant  edges,  which  are  adjacent  in 
pairs.  If  three  such  molecules  are  again  united  by  a  particle 
of  water,  a  nearer  approach  to  quiescence  will  be  effected,  and 
such  is  almost  exactly  the  quantity  of  water  and  acid  in  the 
crystals  of  Dr  Prout.  The  quantity  of  matter  stated  as  wa- 
ter  in  his  analysis,  amounts  to  42.85  per  cent.     From  this, 
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as  we  have  seen,  a  particle  of  oxygeo,  which  it  appetrs  from 
the  analysis  is  equivalent  to  2SL87  per  cent.,  and  a  particle 
of  hydrogen,  which  is  the  fifth  part  of  22.87  or  4.679  <u^  ^ 
be  subtracted,  so  as  to  leave  the  real  quantity  of  water.  This 
amounts  to  10.1  particles  to  18  of  the  add,  that  is,  three  par- 
ticies  to  each  of  three  senate  molecules,  and  a  particle  in  the 
centre  to  unite  them. 


wlcid.— By  the  addition  of  another  particle  of  car- 
bonic add  to  citrogen  (or  the  base  of  the  dtric  add),  it  be» 
comes  Oxalic  Add,  (Fig.  72.).  But  now,  in  consequence  of  the 
great  length  and  solidity  of  the  axis,  it  seems  to  become  un- 
fit, at  least  when  exposed  to  heat  and  in  a  state  of  combina- 
tion, to  entertain  a  partide  of  hydrogen  on  its  pole.  The 
atomic  we^ht  of  oxalic  add  is  fO,  (4x5  carbon  +  8  x  10 
oxygen) ;  and  in  those  cases  in  which  its  pole  is  hydrogereiit» 
its  atomic  weight  is  52,  and  the  absolute  weight  of  the  hy- 
drogen is  less  than  4  per  cent  It  is  very  easy  to  conceive 
the  conversion  of  oxalic  add,  by  the  aid  of  oxygen  and  heat, 
into  fixed  air.  One  particle,  by  expansion  and  contact  with 
one  partide  of  peroxide  of  copper,  is  converted  into  two  of 
fixed  air.  For  its  conversion  into  pyragyne,  three  of  acid  and 
seven  of  oxide  would  require  to  be  simultaneously  deoom- 
posed,  from  which  four  particles,  or  dght  volumes  of  pyragy- 
nic  gas,  would  escape.  To  efiect  this,  compression  and  vio- 
lent deflagration  would  perhaps  be  required.  In  the  ana- 
lyses of  Berzelius,  Prout,  and  Thomson,  fixed  air,  therefore, 
seems  only  to  have  been  generated.  They  all  very  nearly 
agree  with  each  other.  That  of  Berzelius  gives  carbon  S8.22, 
and  oxygen  66.53.  To  find  the  true  quantity  of  carboo, 
supposing  fixed  air  generated,  the  carbon  must  be  multiplied 
by  1.222.  Now,  33.22  x  122  =  40.52;  and  the  quantity 
added  to  the  carbon  must  be  taken  from  the  oxygen  or  vital 
air.  But  66.53  —  (40.52—33.22)  =  59.2 ;  so  that  the  carbon 
and  oxygen  are  severally  20.26  and  29.6,  the  ratio  proper  to 
the  structure  here  advanced  bdng  20  to  80.     l^he  analysis  of 
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Prout  giv€&  the  carbon  and  oxygen  as  90.S  to  30 ;  mud  that 
recently  by  Thomson  520.5  to  30. 

It  is  difficult  to  conjecture  what  may  be  the  fonn  -of  the 
crystallizing  mdecule  of  this  acid,  supposing  it  withcmt  hy- 
drogen. We  learni  from  observation,  that  it  is  not  perfect, 
for  the  (Crystals  effloresce  when  exposed  to  the  air.  It  appears, 
from  experiment,  that  every  particle  is,  in  some  cases,  aaso^ 
dated  with  a  temate  molecule,  and  that,  in  other  cases,  there 
are  three  particles  of  acid  to  four  temate  nhdecules  of  water. 
In  the  former  case  the  crystals  contain  about  4S,  and  in  the 
latter  about  40  per  oeot.  of  water. 

Oxalic  acid,  according  to  the  structure  here  assigned,  evi- 
dently consists  of  an  equal  number  of  molecules,  or  volumes 
of  fixed  «ir  and  carbonic  oxide,  and  into  these  it  will  be  re- 
solved by  a  ample  expansion  of  the  axis.  This  effect  is  pro- 
duced  by  heating  the  acid  with  strong  oil  of  vitriol,  and  this 
b  One  of  the  methods  employed  for  obtaining  carbonic  oxide. 
Oxalic  acid  does  not  occur  so  abundantly  as  the  former  acids, 
after  developing  which,  the  union  of  carbon  and  oxygen 
on  a  common  axis  is  usually  arrested.  It  is  probable,  indeed, 
that  oxalic  acid  is  never  generated  in  a  free  state ;  but  when 
citric,  carbonic,  or  acetic  acid,  has  united  in  sin^e  particles, 
with  large  atoms,  such  as  potash  or  lime,  particles  of  carbonic 
add  are  successively  added,  till  the  salt  become  an  oxalate. 
United  to  potash,  this  acid  is  met  ivith  in  the  sorrels,  the 
Osfal'uf  acetoselkif  and  other  acidous  plants.  It  is  also  held 
in  Boitition  in  the  uroeolate  appendages  of  the  leaves  of  that 
very  interesting  plant  the  Nepenthes  dislillatoria.  United 
to  lime,  it  constitutes  a  considerable  part  of  the  fronds  of  cer- 
tain crustaceous  lichens.  With  this  base,  it  forms  a  stony 
body  as  insoluble  as  limestone  itself,  and  in  a  state  of  such 
quiescence,  that  it  cannot  easily  be  discomposed.  Oxalic  add 
is  a  poisonous  substance,  and  from  bang  used  in  the  arts,  and 
from  the  general  resemblance  of  its  form  to  that  of  Epsom 
saltm  in  the  hands  of  careless  apothecaries  it  has  frequently 
ocoasioiKHi  fatal  accidents. 
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Tmimic  JcicL^^li  will  be  afterwards  shewDt  that,  during 
the  conrcrBicm  of  saodiariDe  and  amylaceous  matter  into  aloo» 
bol^  a  large  quantity  of  carbonic  add  gas  must  be  given  off. 
During  the  rapid  period  of  the  fermentation,  this  escapes  inlD 
the  air,  but  it  also  unites  among  its  own  partides  in  the  liquid, 
eapeciaUy  when  aided  by  potash,  and  Tartaric  Add  results. 
The  bitartrate  of  potash,  thus  formed,  b  deposited  in  the 
oask,  and  femsi  that  wril  known  predpitale  ftom  wine,  named 
T^tftar.  The  method  of  the  devekipment  of  the  tartar  is 
Mghly  analogous  to  that  of  nitre,  afkerwafds  to  be  noticed. 
The  end  to  be  attained  is  a  body  permanent  in  the  air,  in  the 
ease  of  nitie^  and  permanent  in  the  water  in  the  case  of 
iMTtar.  It  will  be  afterwards  shewn,  that  potash  is  a  beauti- 
fnl  quilMie  fcrm,  of  great  power,  with  five  parts  around  its 
chfcumfaeiicc,  which  naturally  demand  in  the  add,  with 
wUch  it  is  umted,  five  particles  of  oxygen  to  correspond  to 
titam.  That  such  is  the  arrangement  in  nitric  acid  (Fig.  41 .) 
has  been  already  shewn,  and  the  phenomena  of  tartaric  add 
lesd  us  to  suspect  that  it  possesses  a  similar  structure  With- 
out entering  into  the  details  of  its  development  in  wine  casks^ 
which  would  imply  a  knowledge  of  the  structure  of  potash, 
it  mi^y  be  stated,  that  Urtaric  acid,  in  the  free  state,  seems  to 
consist  of  six  particles  of  carbonic  add,  five  bdng  arranged 
artHind  one  in  the  centre,  which  has  a  particle  of  hydrogen 
on  each  pole.  The  atomic  weight  of  this  acid  is  94,  (6x5 
carbon  +  6  x  10  oxygen  +  8x2  hydrogen). 

Another  view,  however,  may  be  taken,  which  accords  bet- 
ter with  analysis,  by  affording  another  particle  of  hydrogen. 
We  may  suppose  that  there  is  only  a  partide  of  carbon  in  the 
centre,  with  a  particle  of  hydrogen  on  each  pole,  one  of  them, 
as  usual  in  such  cases,  sustaining  a  particle  of  water,  into 
the  pole  of  which  the  hydrogen  is  inserted.  According  to 
this  view,  a  hydrated  particle  is  equivalent  to  three  of  hydro- 
gen,  six  of  carbon,  and  six  of  oxygen.  This  corresponds 
to  the  atomic  structure  assigned  by  Prout  and  Thomson, 
Ibur  particles  of  carbon,  according  to  thdr  views,  being  equi- 
valent to  six  of  this  work. 
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The  structure  of  the  tartmtes,  however,  h  more  fii¥uunMe 
%o  the  fbrmer  idea ;  and  as  to  the  hydrogen  in  auoh  acU% 
diere  is  every  reason  to  suppose  that,  like  the  radiant  nurtlsr 
itsdf,  it  varies  in  quantity.  It  is  presumed,  according  lo  the 
fimier  view,  that  tartaric  add,  when  set  fiee  ficoai  eomhina- 
tion,  imparts  greater  solidity  to  its  axis,  and  neutraliaea  the 
eaifaon  on  its  pole,  which,  in  soch  a  situatioa,  is  ISnr  itae 
powerful  than  when  free,  by  decomposmg  apartide  of  water. 
In  the  free  state,  as  has  been  assumed,  thb  deootaipoaed  pm^ 
tide  of  water  remains  on  the  pole.  But  when  the  acid  enters 
into  union  with  bases,  whose  oorafaining  regions  areconfonna- 
Ue  to  the  carbon  on  the  pok,  now  hid  under  the  oxygen  ind 
hydfeogen,  the  water  is  again  recomposed,  a  permanent  adt 
b  fonned,  the  acid  part  of  which  conrists  of  six  partidJes^  of 
caibon  and  five  of  oxygen,  its  atomic  weight,  indwding  oile 
particle  of  hydrc^^en,  bcang  SS;  while  the  water  is  disdiaiged 
or  occupied  in  the  crystalline  form,  as  the  case  may  be.  Tins 
4ouhle  form  which  water  may  assume,  according  as  it  muit 
accommodate  itself  to  a  qiunate  or  .temate  body,  is  of  1n^ 
quent  occurrence,  and  has  already  occupied  the  attentioD  of 
diemists  in  the  phenomena  of  chlorides  and  cyamdes. 

It  b  remarked  of  tartaric  acid,  that  it  yields,  diuing 
destructive  distiUation,  more  pinguious  products  than  most 
other  add  bodies.  Nor  will  we  wonder  at  this,  when  we  con- 
sider how  much  exposed  the  naked  poles  of  its  oxygen  are  to 
the  inddence  of  hydrogen.  In  consequence  of  this,  water 
must  be  generated ;  and  the  carbon  set  free,  uniting  with  the 
hydrogen,  will  produce  oily  matter.  Were  the  partide  of 
hydrogen  in  the  centre  to  be  attracted  to  one  of  the  concave 
pdes  of  ibe  oxygen  which  surround  it,  and  to  be  engaged 
along  with  it  in  forming  water,  the  central  particle  of  carbon 
along  with  that  set  free,  and  the  particle  of  hydrogen  not  yet 
c^'^'posed  of,  would  immediately  be  developed  in  the  ratio  of 
o.efiant  gas  \     Besides  during  the  preparation  of  wine,  this 

*  The  model  of  Uie  add  now  deseribed  is  very  beautiful,  but  I  hare  not 
figured  it,  M  it  it  difficult  to  conceive  it  bj  the  use  of  mere  lines. 
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acid  b  ako  developed  in  certain  fruits,  of  which  the  grape  i» 
one,  and  the  tamarind  another.  It  possesaes  an  agrerablj 
add  taste,  and  enters  into  the  composition  of  some  Taliiable 
medicines :  it  is  also  employed  in  the  arts,  being  procured  in 
siiiBcient  quantity  frcnn  the  tartar  deposited  in  wine  casks. 

Malic  Acid. — There  is  yet  another  vegetable  acid  which 
peilbrms  a  very  important  part  in  the  maturition  of  fruits^ 
and  which  is  very  abundantly  developed  in  nature.  It  oe- 
Gurs  in  the  pulps  of  the  fructification  and  even  in  the  folia- 
oeous  tissue  of  succulent  plants,  such  as  the  Sempervivum 
Udonmn^  It  has  been  extracted  for  chemical  examination 
from  the  Sorbus  aucuparia  or  Mountain-ash,  and  has  been 
described  as  sorbic  acid ;  but,  as  it  abounds  also  in  the  fruit 
of  the  apple,  and  other  notable  fruits  of  that  class,  it  is  more 
generally  known  by  the  name  of  Malic  Acid.  It  cannot,  like 
the  other  vegetable  acids  that  have  been  noticed,  be  exhibited 
in  the  crystalline  state ;  and,  tiiough  its  taste  is  intensely 
sour,  its  salts  are  not  possessed  of  any  interesting  chemical 
pn^ierties.  That  with  the  oxide  of  lead,  however,  forms  bril- 
liant crystalline  plates. 

Our  chemical  knowledge  of  it  is  very  imperfect.  It  is  pro- 
bable, indeed,  that  there  are  as  many  malic  acids  as  there  are 
sugars,  and  the  quantity  of  hydrogen  may  be  very  various. 

The  circumstances  in  which  it  is  developed  in  nature,  and 
during  the  decomposition  of  sugar,  as  will  be  afterwards  no- 
ticed, awake  the  presumption  that  it  consists  of  two  temate 
bydfo-molecules  of  acetic  acid,  having  three  particles  of  hy- 
drogen common  to  them,  instead  of  six,  which  exist  in  the 
two  when  separate  ;  and  the  analysis  of  Dr  Front  agrees  with 
this  structure.  In  other  cases  it  may  consist  of  two  temate 
hydro-molecules  of  acetic  acid  adhering  together.  Fig.  73 
represents  the  malic  particle  on  the  first  suppo^tion,  there 
being  three  such,  and  two  particles  of  water  in  every  particle 
of  malic  acid. 

The  atomic  weight  of  malic  acid,  according  to  this  view,  is 
150  (18  X  5  carbon,  4-6x10  oxygen,  -f  3  X  S  hydrogen,  -f 
S  X  12  water).     Estimated  in  carbon,  oxygen,  and  hydrogen. 
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it  yiddn  60  carbon,  80  oxygen,  mi  10  hydrogen.  The 
lyrii  of  Dr  Prout,  fUted  in  tbeoe  dementa,  10  paibon  40.68^ 
axjgBa  54.84^  and  bydragqn  &0B ;  tboie  ariang  out  of  tho 
atnictura  beie  anign^,  b^ng  carbcm  40.6S»  oxygen  SiM, 
bydrogen  6.78.  Dr  Flout  obeervef^  tbat  ^  this  acid,  in  mmQr 
pointsof  view,  may  be  regarded  asoneof  tbe  moat  intereating 
and  important  of  all  tbe  veg;etable  acid8|^-«rra  remark  whioh«  if 
the  new  of  ita  ilmcture  here  advanced  be  aouad,  indicatea  the 
penetration  of  a  philoiopber,  wboee  eyes  are  directed  to  nature^ 
while  it  will  not  be  disputed  that  bis  bands  have  worked  out 
some  of  tbe  most  exquisite  analyses  of  tbe  laboratory. 

It  will  afterwards  be  shown  that  aloohol,  sugar,  and  maKa 
aaidf  are  related  to  eadi  other,  as  a  bas^  a  carbonate,  and  a 
Uoarbonate.  Previous  to  pursuing  this  train  oi  jbrms,  how- 
over,  it  b  convenient  to  notice  some  of  the  most  ample  com- 
pounds which  carbon  maksa  with  ammonia  and  bydrogan. 

Tbe  acid  bodies  which  have  been  examined,  may  be  thus 
expressed,  the  water  of  their  structures  being  disre^puded  :-«* 
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T^  VoUUile  SaUa,  CarbonaUa  qf  Ammonia. — ^Ammonia 
unites  with  fixed  air,  and  several  salts  are  produced,  of  inte- 
resting characters.  As  the  acid  is  a  small  quinate  form,  it  can- 
not find  access  to  the  poles  of  the  ammonia,  which  is  temate, 
and  externally  isamorphous,  with  a  double  molecule  of  water. 
It  must  therefore  be  distributed,  as  usual,  around  the  equator 
on  its  alternate  segments.  We  should  expect,  then,  that  the 
most  natural  and  common  carbonate  of  ammonia,  vis.  that 
winch  is  used  as  a  stimulant  in  faintings,  &c.,  should  consist  of 
oneparticleof  ammonia  and  three  of  fixed  air.  Such  is  known 
to  be  its  structure.  It  has  been  named  a  Sesquicarbonate, 
wMeh  is  equivalent  to  a  tricarbonate  of  this  work.  There  is  also 
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a  particle  of  water  present,  so  that  its  atomic  weight  ia  8$  (86 
ammonia  +  3  X  15,  fixed  air  -f-  12  water).  In  contequenoe 
of  ammonia  being  Jth  lighter  in  the  gaseous  state  than  its  true 
w^ht,  analyses  generally  give  its  atomic  w^ht  as  88,  ioatcad 
of  86.  Dr  Ure^s  analysis  of  this  substance,  however,  is  aa 
follows :-» 


DrUra 

Tnmn 

Acid,     .    . 

.     45 

.     .     .     4ft 

Ammoniai 

.     26.3     . 

...     36 

Water, 

.     13 

...     13 

This  white  crystalline  substance  is  procured  by  the  distilla- 
tion of  the  excrementitious  parts  of  animals,  such  as  horns, 
hooves,  camels^  dung.  At  first  it  has  a  crystalline  appeanmoe^ 
is  hard^  compact,  and  translucent ;  but  when  it  has  been  fcr 
some  time  exposed  to  the  atmosphere,  it  loses  weight,  its 
pungent  odour  and  transparency  degenerating  into  an  cosaque 
friable  mass.  During  this  process  it  is  improving  its  symmetry 
by  letting  go  into  the  gaseous  state  every  third  partide  of 
water  and  ammonia,  charged  with  one  of  fixed  air,  so  that  the 
resultant  form  consists  of  a  senate  molecule  of  water,  sur* 
rounded  by  six  particles  of  ammonia,  each  of  which  is  clMurged 
with  four  particles,  or  two  molecules,  of  fixed  air,  sjnBametri- 
cally  opposed  to  each  other,  and,  along  with  the  particle  of 
water  attached  to  each,  sustaining  a  senate  arrangement 
This  is  a  permanent  form,  which  may  be  made  to  crystallise 
in  six-sided  prisms.  Every  particle  contains  60  fixed  air, 
86  ammonia,  and  18  of  water.  It  oorreqxmds  to  equal 
volumes  of  fixed  air  and  ammonia ;  but  the  gases  will  not 
combine  in  these  proportions,  for,  without  water,  a  temate 
arrangement  cannot  be  instituted.  They  readily  combine^ 
however,  in  the  proportion  of  half  a  volume  of  the  acid  gas, 
and  a  whole  volume  of  the  alkaline.  The  ratio  of  equaKty  of 
molecules  is  too  simple  to  be  resisted,  and  six  such  imme- 
diately give  rise  to  a  crystallising  molecule. 

Thus,  there  are  no  fewer  than  four  carbonates  of  ammonia. 

1 .  That  which  escapes  into  the  air  from  the  vdatile  salt  of 
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the  shops,  and  consists  of  a  particle  of  each,  and  whose  atomic 
weight,  disregarding  water,  is  41. 

S.  The  carbonate  of  chemists,  which  consists  of  a  molecnle 
of  fixed  air  and  a  particle  of  ammonia ;  disregarding  water, 
its  atomic  weight  is  66. 

8.  The  volatile  salt  of  the  shops,  which  possesses  the  ter- 
nate  and  natural  arrangement,  consisting  of  three  particles  of 
acid  and  one  of  ammonia ;  its  atomic  weight  is  71. 

4.  The  bicarbonate,  or  tetrocarbonate,  whose  atomic  weight 
is  86. 

Carbon  and  Hydrogen, — We  have  seen  that  the  com- 
pounds of  carbon  and  oxygen,  or  those  in  which  oxygen  pre- 
dominates, constitute  meagre  acidous  bodies,  which  perform- 
a  very  important  part  in  the  vegetable,  and  also,  it  may  be 
added,  in  the  animal  economy.  Those  which  result  from  the 
union  of  carbon  and  hydrogen  are  not  less  important ;  but 
they  are  pinguious  and  oleaginous  inflammable  bodies,  not 
found  circulating  in  the  sap,  but  rather  in  the  ultimate  re- 
gions of  the  vegetable,  such  as  the  lengthened  cells  (named 
proper  vessels)  of  the  bark,  and  in  the  cotyledons  of  the  seed. 
The  function  of  the  vegetable  economy,  then,  subordinate  to 
those  which  consist  in  the  evolution  of  the  vegetable  form  it- 
self, is  to  separate  burned  bodies  into  their  inflammable  con- 
stituents again,  and  out  of  aqueous  and  acid  particles  to  ge- 
nerate such  as  are  oily  and  inflammable.  These  may  be  re- 
garded, in  a  great  measure,  as  excrenientitious,  in  as  far  as 
the  parent  plant  is  concerned.  The  intermediate  production 
in  which  the  elements  of  both  are  locked  up  for  the  future 
exigencies  of  the  plant,  is  starch  or  fecula. 

The  compounds  of  hydrogen  and  carbon  are  volatile  odo- 
rous bodies.  Some  of  the  artificial  compounds  of  the  che- 
mist make  a  very  near  approach  to  the  camphors,  spermacetis, 
and  other  infiammable  products  of  organization ;  but  it  can- 
not be  said  that  any  organic  molecule  has  yet  been  produced 
in  the  laboratory  from  inorganic  elements.  The  mechanism 
of  organic  molecules  is  too  delicate,  and  their  magnitude  too 
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giteCy  to  admit  of  their  being  constructed  during  th 
taij  unions  and  decompositions  of  the  chemist  Tlie  mmliar 
of  gaseous  compounds  of  carbon  and  hydrogen,  in  individual 
partides»  is  perhaps  not  less  than  four,  one  containing  fan  pa^ 
tides  of  hydrogen  round  one  of  carbon,  and  another  widi  m 
particle  of  hydragm  on  each  pme  of  one  of  carbon*  Na|yf 
a  form  in  iHudi  both  these  are  united,  and  wMdi  consista 
of  a  partide  of  hydrogen  on  every  solid  angle  of  one  of  e» 
ben,  seems  not  impossible.  But  whether  sueh  partidea  mi 
ever  formed  or  not,  there  are  only  two,  of  the  simplest  poa» 
siUe  structure,  that  are  possessed  of  much  interest 


FbW'dmmp.  LiglU  carburetied  Hjfirage9L^^ThiB  gas 
of  a  partide  of  hydrogen  on  the  pde  of  a  partida  of 
carbon  (F%.  10).  It  is  abundantly  disengsgsd  from  slagnani 
pooh^  ftom  strata  of  cod,  and  volcanic  duMOMi  Itisalsoga- 
aeraled  abundantly  during  the  distilbtion  of  pitcod,  foradng 
one  of  the  constituenu  of  coaLgas,  and  during  the  destrudm 
Asillation  of  carbonaceous  vegetable  matter.  One  partida  of 
it  vailed  to  one  of  carbonic  add,  forms  a  partide  of  dry  pyio* 
ligneous  or  acetic  add ;  and  besides  pyroligneous  add,  variooa 
compounds  of  carbon  and  hydrogen,  probably  an  oxycarbiu 
retted  hydrogen,  consisting  of  a  particle  of  hydrogen  on  the 
carbomgerent  pole  of  one  of  carbonic  add,  nitrogen,  and 
sleam,  are  all  given  off  during  the  distillation  of  wood. 

Light  carburetted  hydrogen  is  readily  distinguished  from 
hydrogen  by  its  brighter  flame,  its  greater  wdgbt,  and  the 
products  of  its  decomposition.  It  has  been  shewn,  that,  both 
in  carbonic  add  and  carbonic  oxide,  there  are  as  many  paN 
tides  of  carbon  in  a  given  vdume,  as  there  are  in  the  same 
volume  of  vitd  dr.  Carbon,  which  does  not,  without  extreme 
difliculty,  assume  the  gaseous  state,  perseveres  in  this  degrse 
of  dennty  in  many  of  its  compounds,  in  a  very  remarkable 
manner.  In  this  gas  two  particies  may  be  conddered  as  ne- 
eessary  to  form  a  symmetrical  mdecule,  and  of  these  double 
partides,  there  ifi,  in  a  given  volume,  an  equd  numbec»  as  in 
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«n  equal- vdiune  of  vital  air.  But  wcshali  afterwarck  Andy  that 
iarqrminetrical  papticles,  suebasiolefianfegoily  there  is  still  the 
toaMte  iHimber  of  pastidea  of  tkr  gas  in  a  pvefEt  volume,  as  of 
parriclcB  cf  vital  air.  Hence  light  €afbufettc<dliydrogefi  le- 
qulres  douUe  its.  vdume  at.  vitaJk  »r  £or  its  oombustibiiy  every 
paiiicle  of  the  inflaaunablegas  cmlently  requiring  la  mokcoie 
oC  Ae  suppoilter.  TheRiTeBiiIts  one.voluaie  of  fixed  air,  equal 
ta  that  of  the  inflammable  gas,  and  the'  other  volume  of  vital 
ak  takei  dewat  all  the:  hydrogen  aa  water*  This  combuatiQn 
is  accomfMmied  by  a  violeni  esf^iuon^.  jind  the  same  bocurs 
when  the  gas  is  inflamed  in  common,  air.  Hence  the  aoei^ 
dents  which  frequently  happen  to  miners.  When  the  carbon 
is»  disengaged  from  the  hydrogen^  and  thiown  down,  the  lat- 
ter of  course  expands,  lo  as  to  oeenpy  twice  its  volume  when 
engaged  with  the  carbon.  The  oxdusive  power  c^  the  hydro- 
caiiiQnaceous  gases  upon  the  radiant  medium  is  very  gnat, 
ansiog  povtly  fpom  their  double  density^  and  partly  fitMn  the 
high  lefiractive  power  of  tiieif  elements.  Ndther.  are  they  in 
4iiy  dipMe  subject  to  umon  wkh  aocideDtal  atoms ; ,  henoe 
theiaweight  indicated  by  the  balance  is  less  than  that  wUch 
eaptWBSCtt  iheir  true  specific  gravityv  It  seems  to  follow,  that 
when  radiant  matter  is  excluded,  it  shall  be  in  sets  of  atoms, 
ooResponding  to  one,  two,  or  four,  for  every  particle  of  the 
gas,  thus  rendering  100  inches  lighter  than  the  truth  by 
1.5  or  3  or  6  grains.  In  the  cases  of  strangely  formed  par- 
ticles, however,  such  as  the  aeriform  compounds  of  sulphur 
and  hydrogen,  perhaps  these  numbers  of  symmetrical  exclu- 
sion do  not  obtain.  Were  the  condition  of  carburetted  hy- 
drogen the  same  in  respect  of  the  interlaced  radiant  matter  as 
common  mr,  100  inches  ought  to  weigh  (15.5  carbon  +  4.2 
hydrogen)  19.7  grains.  The  experimental  result  is  only 
about  17  grains,  indicating  that  an  atom  of  radiant  matter  is 
excluded  by  every  particle  of  the  gas,  or  that  it  is  lightened 
nearly  8  grains.  The  atomic  weight  of  the  gas  is  7.  By 
itself  it  does  not  possess  symmetry,  nor  does  it  seem,  in  an 
uncombined  state,  to  perform  any  important  functions  in  na- 
ture.    A  particle  of  hydrogen  is  more  justly  charged  with 
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cmAaan^  when  there  ii  a  porticfe  of  the  latter  on  each  palt  il 
the  hjdragen.    Thit  eonititulet 


OlffUmi  Chur.— *Tbi0  gu  (Fig..  11)«  u  gBBeiatad  duriag 

th0.dKiliUacion..of  biluniiiioiia  Ixxiiety  which  burn  witli  & 
hnglM  iap^  Moh  aacanod  eoal  andt  iaad  oiia.  It  nay 
aiioi  br ppwaini  liNN»'fthar  and  akoM,  'whidb-  it  o«nlL 
tmai  abny  witl» nanii  '  Kb^^nMMl'^rakhMa  iagiedieni in. 
naid*  fop  tba  parpow  of  iUnnnnariony  at  it  ia  bal* 
fag  igwiay  ont  light  than  any  'in  which  hydaogenia 
abondanc^  white  thu  haainrhiah'il'genetntei  is  folly 


•  • 


oa<nteana<fcnacaahydlragta>  Hanoe,  whcnUha  carbon  fa 
tkBawftdanr%  as^aa  Aaflwmcf  (caae^  the  hydnigen  eapanda  In 
I yiia  <ha  yohinw  ol ttia  gatdcdrayad;  ana  wlnma  acqniiaa 


ndlu  trJtwmj  ona  of  its  ihr^newmiiacat  paita  nM|ntraa<^yaP* 
tkla;af  aital  air;  Thertf 'aan-tlMie  pari*:  in  efery  panadt  ^ 
ifca  clafcnt  gi%  aad  twioathe  numhii  ia  iha  aama  Tphnaa  aa 
thmr'aw:  inoiaCTilaa  of  Tltri  -air.  Henoa  avery  vdluma  laf* 
qtma  nx  parttdea,  or  three  moieciites  or  Tolumai  of  vital 
air,  n  third  part  of  which  faihi  with  the  hydrogen  as  water. 
If  the  hydrogen  could  be  replaced  by  oxygen,  carbonic  oaida 
and  pure  hydrogen  would  result.  The  number  of  partides 
of  esch  would  be  as  great  as  those  of  olcfiant  gas;  andasench 
of  these  gases  occupies  a  double  volunie,  compared  with  oin. 
fiam  ga%  one  of  oUfiant  gas,  by  such  a  change,  would  ba 
expanded  into  four.  Notwithstanding  the  difficulty  of  pra* 
rantii^  the  combustion  of  the  hydrogen,  or  its  union  with 
the  oxygen  to  form  water,  Sir  H.  Davy  succeeded  in  this 
way  in  expanding  one  volume  of  olefiant  gas  into  thrte  and 
a  half  of  carbonic  oxide  and  hydrogen. 

The  quantity  of  carbon  in  this  gas  is  double  that  of  tha 
fanner,  and  every  particle  seems  to  exclude  a  double  quan- 
tity  of  radiant  matter,  or  two  atoms  to  every  one  of  tha  pin* 

s2 
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gukms  gas ;  so  that  100  iDches  are  nearly  six  grains  lighter 
than  the  woght  which  would  express  the  true  specific  gnu 
vity.  This  waght  is  (15.6  x  9  carbon,  +^1x2  hydro- 
gen), 85.S  grains ;  and  it  has  generally  been  found  to  weigh 
about  six  grains  less,  or  between  twenty-nine  and  thirty 
grains.  Hence  it  is  evident  that,  in  convertiiig  a  quantity  of 
akohol,  ether,  or  oil,  into  olefiant  gas,  the  Tolume  obtained 
must  be  considerably  less  than  the  weight  of  the  materials 
would  lead  us  to  expect,  .or  there  must  be  a  loss  of  weight 
when  the  matter  is  thrown  into  the  gaseous  state.  But  if  a 
vokmie  much  larger  than  100  indies  were  weighed,  probably 
it  might  be  found  to  possess  a  higher  spedfic  gravity  than  that 
inferred  from  weighing  small  volumes^  as  is  commonly  dona 

BindkfUmt  Vapour. — ^When  a  mixture  of  olefiant  gas  and 
carburetted  hydrog^  is  violently  compressed,  the  particles  of 
the  former  are  subject  to  adhere  together  in  pairs^  producing 
a  substance  which  has  been  described,  but  not  named,  by  Mr 
Faraday.  Below  the  freezing  point  it  remains  a  liquid,  which 
is  lighter  than  any  other.  The  specific  gravity  of  the  vapour 
is  about  twice  that  of  olefiant  gas,  and  bums  with  a  brilliant 
flame.  Every  volume  requires  nx  of  vital  air  for  combus- 
tion, and  four  of  carbonic  acid  result  These  facts  indicate 
that  it  consists  of  two  particles  of  olefiant  gas  adhering  to- 
gether. 

Olefiant  gas  is  somewhat  impatient  of  the  aeriform  state, 
and  readily  enters  into  union  with  many  bodies.  It  does  not 
occur  in  nature  in  the  gaseous  state,  but  is  a  very  active 
agent  in  the  animal  and  vegetable  economy,  being  found  uni- 
ted with  oxygen  and  water,  producing  many  very  valuaUe 
bodies,  such  as  sugar;  starch,  ardent  spirits,  ether,  and  fixed 
oil. 

Sugar, — The  sap  of  plants  consists,  in  a  great  measure,  of 
pure  water.  The  first  vegetable  product  which  usually  ap- 
pears in  it  is  sugar.  It  belongs  to  that  part  of  the  circula- 
tion which  has  not  been  exposed  in  the  leaves  to  the  air  and 
the  sunbeam,  from  which  there  result  pungent,  odoriferous, 
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▼ohtife^  and  highly  inflammable  bodiea.  Saodiaiioe  matter 
is  d>andantly  developed  in  the  ascending  sap,  previoudj  to 
the  expansion  of  the  leaves,  and  seems,  in  its  simjdest  Ibrmi^ 
to  be  that  body  which  immediately  results  from  the  veaola- 
tion  of  starch,  the  reproducUon  of  which,  next  to  the  de- 
tdopment  of  the  individual,  is  the  end  to  be  attnned  in  the 
yrtgttMe  nutrition. 

There  are  many  different  sorts  of  sugar,  diflering  in  their 
flavour  and  chemical  properties,  according  to  the  organic 
structure  in  which  they  are  produced. 

'The  saccharine  principle  (Fig.  74.),  in  its  most  mature  form, 
consists  of  a  particle  of  oleGant  gas  united  to  one  of  fixed  dr, 
or  one  of  carbonic  oxide  united  to  one  of  carburetted  oxygen; 
and  a  particle  of  sugar  consists  of  two  particles  of  water 
bound  together  by  three  such  bodies,  the  edges  of  the  carbona 
in  the  defiant  gas  being  applied,  as  usual,  to  the  alternate  edges 
of  the  equators  of  the  two  partides  of  water.  The  molecule 
which  results  possesses  much  stability,  and  is  capable  of  che* 
mfeal  activity. 

Its  atomic  weight  is  105 :-— > 

Carbon,  .       .      9  X    5  «  46 

H  jdrogen,  .  3  X    9  ■■    6 

Ozjgvn,  •      3  X  10  «i  80 

Water,  .     S  x  12  «  24 

106 

One  hundred  parts  contain  42.85  carbon  and  57.15  of  wa- 
ter, or  of  oxygen  and  hydrogen  in  the  proportions  to  form  it, 
which  are  the  very  numbers  afforded,  by  the  analysb  of  Dr 
Prout,  for  the  best  cane  sugar ! 

Sugar  agrees  somewhat  with  alkaline  bodies,  rendering  oils 
misdble  with  water.  It  possesses  some  very  interesting  che- 
mical relations.  By  digestion  with  nitric  acid,  its  structure  is 
destroyed,  and  its  carbon  occupied  as  oxalic  acid,  which  is  so 
intimately  related  to  this  form,  that  it  requires  only  a  partide 
of  oxygen  to  unite  two  of  carbonic  oxide,  so  as  to  constitute 
a  particle  of  oxalic  acid.  But  while  the  saccharine  matter 
degenerates  into  water  and  oxalic  acid,  on  the  one  hand,  the 
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is  known  by  the  name  of  MaKc  Acid  Ti|*:«W^.JMW^  J^ 
4M|pqf»iaWft  m«r  he,  vnthdram  in  iibp  vy*dlm.  >lfj^:!put 
the  iMio#p4»  byigjuwiwWe  ^oC  MBumig  Abe  M^^jSuqi^ 
lenuons  in  the  mother  viteiw  Suoh.aK  <I*.;iMefSM^j|^ 
i|gB>ena.wbi<fh.>»ewwpiWiy  ^e  iwiflnifwt.  of  M|NtJ!ilhfflMic 
)MifL  .  JBot, it ffequifinM  wygmwA  mmifltMW li*; "^fRIVC 
Upiit|io«,t)iA(.M(nm4niMun»  t»  cheqge iiwgti:  jign^^ 
iii|«  oxalicMvsid^  r^ts^t^ndenqy  k#fid«i|l|E,  "by  bMfciWWft^ 

vdofnidcS  one  oT  vibipb  h  &|ier(ect /lemete  nK^eonlpf^lnee^ 
«M;  «»d.ftbe.^4)r^«|»iijkd^ 

oo  the  alternate  segments  of  its  equator.  The  'iMtef  jiiii 
fixm  which  cannot  exist  if  the  iiaoesp^.49(ygen'^i«  permit- 
ted. In  that  case^  fV^y  ^Vch  particle  j^fss^risc  to  three  of 
carbonic  acid,  which  rescape  as  gas,  occupying  a  volume  equal 
to  that  of  the  oxygen  absorbed  from  the  air.  There  re^ 
mains,  then,  from  the  acidous  fermeDtation  of  every  particle 
of  sugar,  a  hydro^tcrnate  molecule  of  acetic  add,  and  a  par- 
ticle^ pure  water,  three  particles  of  carben^  being  given  off 
at  fixed  air.  To  effect  the  separation  of  the  sugar  into  two 
parts  a  considerable  temperature  is  required,  and  the  reaohi- 
tion  is  greatly  aided  by  the  presence  of  yeast,  to  ascertain  the 
structure  of  which  will  be  a  high  achievement. 

As  soon  as  the  saccharine  particles  are  torn  asunder,  thejne- 
tic  add  is  developed;  and  therefore  the  access  of  air  is  nol  ne- 
cessary to  develope  acetic  add  in  a  saccharine  vegetable  infu- 
sion, but  it  must  be  necessary  to  remove  the  feculent  matter, 
and  give  rise  to  pure  vinegar. 

jS%arcA.«— When  saccharine  matter  is  prevented  from  de- 
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generating, -and  yet  ndt  exducfed  frond  cshongc,  as  when  it  cir- 
cuktes  in  the  living  orgamBatioa  of  the  vegetable,  k  rises  inte 
a  more  quiescent  substanoe,  which  constitutes  the  chief  snitii- 
meat  of:the  emliryb  oTpiantsduring  gemrinatieo,  of  the  bumaa 
spedes,  and  all  granivosous  aninnds.  It  is  known  bj  the  JUBm 
of  Starch  -or  Feccda.  ft  consists  cCa  multitude  of  highly  tnuM^ 
parent  gbbuies,  wfa^ob  are  ibund  aggregated  in  litde  dusten^ 
in  conniexioii  with  the  fibres  that  traverse  the  walls  in  the 
odiular  tissue  of  pllmts.  They  are  abundant  in  aD  those  re. 
gioBS  'vnienoe  vegetaftion  is  to  be  developed,  as  in  the  ycmng 
pith  at  the  origin  of  bods,  in  tubers,  and  in  the  seeds^  either 
in  Ae  cotyledons,  or  aggregated  in  sacs  by  themselves, 
constituting  the  dbumen  •of  -botanuts.  In  cold  water  and  al- 
cohol  starch  is  insoluble,  and  in  its  permanency  and  unfitness 
for  bei^g  insect  food,  it  resembles  a  crystalline  body.  Bui 
when  beat  is  applied  it  speedily  changes  its  character,  and  m 
hot  water  it  becomes  a  transparent  jdly,  agreeing  in  many  of 
its  characters  with  the  mucilage  or  gum  which  exudes  from 
many  trees.  From  this  state  it  cannot  again  be  recovered  in 
the  form  of  natural  grains  of  starch. 

Starch,  or  the  amylaceous  principle,  is  procured  from  many 
plants  that  are  natives  of  all  climates.  In  temperate  regions, 
wheat  and  the  potato  yield  the  largest  quantity  for  human 
sustenance.  Dut  sago,  tapioca,  arrow-root,  and  other  pro- 
ductions of  tro|^cal  climates,  do  not  essentially  differ  from  the 
former.  Like  different  qualities  of  SHgar,  they  are  more  or 
less  perfectly  evolved,  but  thefe  does  not  iqppear  to  be  any 
spedfic  (Ufference  either  in  their  chemical  or  natural  quidities. 

When  wc  consider  that  in  sugar  there  are  only  three 
ciiarine  particles  on  the  equator  of  the  double  particle  of 
ter,  while  there  are  six  areas  capable  of  accommodating  them, 
we  should  expect  another  form,  containing  ax  to  every 
double  molecule  of  water.  This  form  would  bear  to  sugar, 
as  we  shall  afterwards  find,  the  same  relation  that  ether 
does  to  alcohol,  and  the  carbon  would  be  about  48  per  cent. 
Its  atomic  weight  would  be  186.  It  seems  very  probaUe 
that  this  is  a  particle  of  starch,  and  six  such  around  a  senate 
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molecule  iji  water,  would  contain  about  46  per  cent  of  carbon  ; 
and  if  these  were  united  into  those  little  masses  in  which 
slaich  naturally  occurs  by  particles  of  water  again,  the  car- 
bon would  be  proportionally  reduced.  But  if  we  suppose,  as 
is  most  probable,  that  there  is  a  double  senate  molecule  of 
water  in  the  centre,  the  carbon  per  cent,  is  redueed  to  the 
same  amount  aa  in  sugar ;  and,  by  a  simple  separation  or  ao- 
lation,  and  equable  distribution  of  the  saccharine  elements, 
e?ery  molecule  would  give  rise  to  twelve  of  sugar.  The 
atomic  weight  of  this  molecule  is  1S60,  of  which  540,  or 
48^  per  cent,  is  carbon.  Should  this  be  the  structure  of 
atatdb,  we  see  with  what  propriety  it  is  regarded  by  Dr  Pkout 
as  a  merorganized  form.  Its  nucleus  consists  of  two  parts, 
which  are  embryos  of  the  aqueous  tissue.  There  is  carbon 
enough  to  produce  nine  spires  of  the  carbonaceous  filament ; 
and  the  hydrogen  restrained  from  the  oxygen  in  the  saodiarine 
particles  of  the  drcumference  must  give  rise  to  mobility,  or 
a  disposition  to  change. 

Alcohol. — Sugar  cannot  be  regarded  as  a  quiescent  body. 
The  equators  of  the  two  particles  of  water  are  not  equally 
charged.  In  one  of  them  there  are  three  particles  of  carbo- 
nic acid,  which  are  not  on  the  other. 

It  has  been  already  shewn  that,  in  certain  circumstances,  as 
to  temperature,  and  when  the  access  of  the  air  is  permitted,  a 
solution,  containing  saccharine  matter,  is  changed  into  vinegar, 
by  the  breaking  up  of  the  saccharine  molecules,  and  the  se- 
paration of  the  two  particles  of  water.  From  this  a  very  sym- 
metrical body  results,  that  is,  a  temate  molecule  of  acetic  acid, 
which  speedily  becomes  changed  by  nine  particles  of  water. 

But  in  other  circumstances  the  sugar  can  effect  the  evolu- 
tion of  a  perfectly  symmetrical  form  without  breaking  up. 
For  it  is  evident,  that  if  every  particle  give  off  three  of  carbonic 
add,  there  remain  two  particles  of  water  united  by  three  of 
olefiant  gas  (Fig.  75.).  This  is  a  particle  of  alcohol.  Its 
atomic  weight  is  60  (36^  olefiant  gas,  24^  water).  For  every 
particle  of  alcohol  generated  from  sugar,  three  of  fixed  air  must 
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eacape.  The  quantity  of  fixed  air  and  alcohol  together  mutt 
be  eqtial  to  the  weight  of  the  lugar  employed,  and  their  ratio 
must  be  60 alcohol  and  45  fixed  air,  or  57.2  and  4SL8  percent 
Noir^  SAuwure  found,  that,  during  the  generaUon  of  alcohol^ 
all  the  fixed  air  which  was  given  off  was  derived  from  the  8»- 
glHT;  that  the  quantity  of  the  sugar  was  equal  to  the  sum  of 
tbealoobQl  and  fixed  air  into  which  it  was  changed,  and  that 
the  ratio  of  these  bodies  was  57  alcohol  and  4St  fixed  air  per 
osQt !  The  analysis  of  this  philosepber  also  agrees  with  the 
structure  here  assigned  to  alcohoL  He  found  that  it  consist- 
ed of  water,  and  the  olefiant  partic^  ;  and  the  quantities  dis^ 
dudUe  from  his  experiments  are,  60.84  olefiant  matter  and 
80.18  water,  the  true  ratb  being  60  of  the  former  and  40  of 
the  latter. 

Aloobol  is  a  hot,  pungent,  light,  volatile  liquid,  existing  im 
vapour,  tfi  vaeuOf  at  a  temperature'  of  18  cent,  or  56°  Fabr. 
and  bdUing  in  the  air  at  80  cent.,  or  170^  Fahr.  Its  vapour 
is  inflammable,  and  constitutes  the  combustible  matter  of  the 
spirit-lamp.  It  has  a  great  affinity  for  water,  as  might  be 
inferred  from  its  form.  By  itself,  it  may  constitute  liuninsp, 
but  the  intervals  between  them  are  great,  in  consequence  of 
the  polarised  repulsive  fluid  of  so  large  a  panicle,  and  the 
great  specific  heat  proper  to  a  body  possessing  such  poles. 
When  decomposed  by  the  abstraction  of  its  water,  olefiant  gas 
is  given  out. 

The  most  interesting  property  of  alcohol  is  its  power  of  in- 
ebriation.  It  is  the  basis  of  all  sorts  of  ardent  spirits ;  and 
these,  when  drunk  in  conaderable  quantities,  produce  a  fran- 
tic  intoxication. 

In  alcohol,  the  properties  of  the  aqueous  and  pinguious 
menstrua  are  united  in  such  a  manner  that  it  mingles  with 
water  on  the  one  hand,  and  oleaginous  bodies  on  the  other. 
It  is  therefore  a  powerful  solvent,  and  is  much  used  as  a  me* 
dium  for  dispersing  bodies  in  water,  which  are  insoluble  in 
that  menstruum.  The  magnitude  of  its  particle  is  well  shewn 
by  the  phenomena  that  ensue  when  diluted  alcohcd  is  con- 
tained in  such  a  tissue  as  a  bladder.     The  water  works  its 
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thiiN^  the  fKiiefly  Ibe  alcohol  is'delMaed)  and,  itf  lUs 
oHfs,  'dbioliita  akoM  may  be  pitxiiioed.  'Gc«ld-»bIoiihlri  '4fe 
ApoBe4  to  a  veiy  high  temperature^  and  preventet  IroBhW^ 
Wmg^iliel^  l^atMinuig  the  fprnouattlatev'  te  iwmM 
Uilgr  be  deeompoBed,  isddpaBdeatly  *iof  ootabuMfani^  kUtt 
iiwwij  oMbgiettid  fagfdragn,  aiid  carbonkiiosikta. > "  ^^'  ^*^ 
v Acemdaig.  fti^Ute  wcndatarei  obnmi— iy  iftMi  «r^4i«iltti 
^.mgarii»  liKi^m  ciibiwii  of  aJcaM,  a  waHAi  fMrnf/tfyV- 
ttUioe  1)0^,  .gflMiated^  iran  itwo  mvuifafe  gatmj>to  thd  «M 
mHHHv  aMrihammimiBh,  vdhitile  MKBing  aaka^  «nitMhiMt 
llij^  iheee  is  «  voiy  ckae  asabgy 4»liweeB  idw  alrao^^ 
^datile  flBBdUng  ial>a<ieaqukarlwate  itf  ^ammonb)  nid'- Wi 
gv(^  and,  oottld  we  eubatituteibur  Tciumea-of  aleohol  iiMeMl 
of  four  of  amnMiiiia,  and  cause  them  to  unite  with  Jmto'rf 
fitad  air,  the  result  woold  be  a  white' piieeppltate«fM|jir. 
Malic  aeid,  in  like  manner,  may  tc  regarded  f*«B«^biiiib0^ 
aal%.aupercarticiiate»  or  aalt^if  •Icehol^  with  Mtfrnm^^^Htad:'- 

pJEM^;— Whta  we  conrid^  the  Kghtnen  €t  the  tikfiiiit 
pantkde^  whose  wright  is  IS,  we  ore  prqHMd  to  ind  thallhfe 
same  aqueous  structure  which  can  easily  sustain,'  on  ifs'altsic 
nate  segments,  a  weight  of  71,  or  three  saccharine  particles; 
should  be  able  to  sustain  a  particle  of  olefiant  gas  >oii  each  of 
its  six  segments,  whose  jdnt  weight  is  only  7fL 

It  b  evident  that,  to  develope  such  a  form  from  alcohol,  it 
is  only  necessary  to  abstract  the  water  from  every  other  pisr- 
tsde  of  alcohol  in  a  mass,  by  some  body  wbidi  has  a  *very 
sUongaflSnity  for  water.  Thus,  if  62  parts  of  oil  of  vitridbe 
mingled  with  60  of  alcohol,  there  would  be  a  sufliciept  quan- 
tity for  decomposing  every  other  particle  of  dcohd,  and  de- 
ducing the  oil  cf  vitriol  to  the  state  of  monohydrated  particleB, 
in  wMdi  it  orystalliBes  so  eosii^ ;  and  if  the  other  setiof  alcv- 
holic  particles  could  be  preserved  firom  the  access  of  the  add, 
and  recdve  all  the  olefiant  particles  set  free  by  the  destruction 
of  the  first,  the  liquid  would  consist  of  86  parts  of  oil  dT  vi- 
triol,  of  the  specific  gravity  of  1.78  and  96  parts  of  the  doubly 
olefiated  alcohol.     As  the  one  boils  at  a  very  high,  and  the 
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olher  ai  a  very  low  temperature,  by  diBtitlaCion  the 

(MTt  meq  be  coUectod  in  tbe  recaver,  and  the  vkricA  left  4ici- 

biod. 

.Simibor  to  this,  ia  the  prooeiB  reflorlad  to  for  generating  ether 
fpen  akc^ioly  though  the  transference  cannot  be  eflfected  io 
parfectly  as  here  imagined.    The  add  employed  also  reoeives 
some  ;fery  interesting  modifications  fmn  the  incidenoe  of  car- 
bon and  hydrogen.    Fig.  76  represents  a  particle  of  ether. 
Ita<atoaBc  weight  is  96  (78  okfiant  gas  +  5M  water.)    It  pos- 
ssssaalhavsame  properties  as  alcohd,  bat  in  a  more  eminent 
dsgrae.    The  pingoious  noiw  predominates  over  the  aqueous 
ionn,  .and  it  is  now  no  longer  notably  miscible  with  water. 
Ether  is  a  very  light,  very  volatile,  and  combustible  KquM. 
It  has  a  peculiar  odour  and  pungen^,  and  it  produces  in- 
tense cold  by  the  rapidity  of  its  evaporation.    When  burned 
in  vital  or  common  air,  water  and  fixed  air  are  the  products; 
buty  when  very  dowly  oonsmned,  carbonic  oxide,  and  conse- 
quently acetic  acid,  arc  produced.     Acetic  acid  is  also  de- 
vdoped  when  ether  is  exposed  to  the  access  of  air  and  light. 
This  meagre  combustion  is  beautifully  produced,  by  suspend- 
ing a  coil  of  platina-wire  over  an  alcohol  or  ether  lamp,  which 
>s  to  be  blown  out  as  soon  as  the  wire  is  red  hot.     The  heat 
generated  by  the  slow  combustion  of  the  etherial  vapour,  is 
adequate  to  sustain  the  incandescence  of  the  metallic  spiral ; 
and,  if  we  suppose  a  particle  of  ether  to  be  divided  into  two, 
each  part,  by  being  supplied  by  three  particles  of  oxygen,  de- 
generates  immediately  into  two  temate  hydro-molecules  of 
acetic  acid,  which,  when  produced  in  this  way,  has  obtained 
the  name  of  Lampic  Acid. 

Every  particle  of  ether  requires,  for  complete  combustion, 
18  of  oxygen,  from  which  there  result  6  of  water  and  IS  of 
fixed  air.  If,  then,  we  could  ascertain  the  density  of  the 
etherial  particles  in  the  state  of  vapour,  we  should  be  able  to 
say  how  many  volumes  of  vital  air  would  be  required  for  its 
detonation  or  combustion.  An  atmosphere  of  ether,  however, 
appears  to  possess  a  very  irregular  structure.  In  every  par- 
tide  there  ara  three  volumes  of  defiant  gas,  and  there  seems 
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ntaaa  to  oondude  that  die  ptftiofes  of  jether  me  dmptmtd 
thjBrin  the  Bune  maimer  as  the  oommoli  gaaet,  such  at  mtal  lir 
and  hydrogen,  nor  at  donble  dntanees^  asin  manjolheri:  Ite^ 
irfaen  a  little  ether  is  added  to  a  vohime  of  agas,-  theHrholaii 
expanded  more  or  less,  seemingly  to  the  end  that  a'ajfttHBabk 
Oil  stmctnrct  nu^  be  established  btCwtai  them. '  Ddcni^te 
ibond  the  specifis  gravity  of  ether  to  be  8.1>8i  aadGayiOAta- 
sae*S.SB8.    '  ■-.•.■<■.    untul 

If  we  suppose  the  toltntte  of  its  partide  to  be  g^ptuaiHefl 
byihree^  that  of*  hydrogen  bang  two^  and  anmooial' iMk 
Ibur,  then  every  Tolume  wiU  reqiriie^  fisreoBipieteeoaiiiMioai^ 
MS  Tolumes  of  vital  fdr,  fhxn  which  44ft  TolmBes"efUkBMl 
^  will  lesnlt    Wero  it  as  dense  as  vital  air^  nine  veMaea 
weidd  be  required,  from  wMeh  ox  of  fixed  air  would  Msult 
And,  were  it  only  as  dense  as  imnieitiay  muriatio  aei|]y ;ls9r 
Ibur  volumes  and  a  half  would  be  suflBeient ;  and-  this  wwald 
produee  three  €i  fixed  «r.    Now,  Craickshank  isuod  that 
one  vtdume  of  the  vapour  of  ether  required  for  combnstiail 
0;8  volumes  of  vital  air;  and,  flNxn  the  produets^  he  >oak»- 
lated  that  the  ratio  of  its  carbon  and  hydrogen  is  5  ta  1^ 
wl^  is  the  true  proportion.    The  anriysb  of  Dr  Thomsoo, 
and  the  views  generally  reodved  by  diemists,  state  ether  to 
be  composed  of  85  ports  defiant  matter,  and  11.86  water,  or 
7S  and  28.14,  while  the  ratio  here  advanced  is  7S  and  94 
But  nothing  short  of  the  genius  of  Gay-Lussac  could .  have 
appBed  his  admirable  theory  of  volumes  to  these  substances, 
with  the  ingenuity  which  he  has  done,  though,  it  must  be  no^ 
knowledged^  the  views  here  advanced  as  to  this  substance  are 
quite  at  variance  with  them. 

Besides  sulphuric  ether,  there  are  many  other  sorts  deriving 
th^  character  from  that  of  the  add  employed  to  develope 
the  ethereal  out  of  the  alcoholic  particle,  and  contiuning  dis- 
sdved  particles  of  add,  sometimes  in  a  pure  state,  sometiBies 
variously  charged  with  carbon  and  hydrogen,  giving  rise  to 
new  substances,  such  as  sulpbo-vinic  add,  and  others. 

Fixed  OH — Starch  and  fixed  oil  are  the  two  great  pr»« 
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ducU  of  the  aqueous  and  carbonaceous  tissue  of  v^getablcfl^ 
and  which  senre  for  the  food  of  the  embryo,  before  the  appa* 
ratoB  of  awimilation  is  developed.  It  has  ahready  been  pva- 
siuDed  that  a  molecule  of  starch  contains  two  senate  molecules 
of  water  locked  np  in  its  centre.  During  the  resolutioo  of 
the  starch  into  sugar,  in  the  process  of  germinatiooi  it  seems 
extremdy  probable  that  water,  for  the  reception  of  the  sac- 
charine particles,  almost  crowded  around  the  circumfiNrence 
of  the  amylaceous  molecule^  may  be  received  from  withovt ; 
and  the  central  senate  molecules  of  water  go  immediate^  to 
the  extension  of  the  aqueous  or  cellular  tissue  in  the  germi- 
natiflg  plant,  operating,  at  the  same  time,  as  crystals  to  diiqpose 
to  tbo  development  of  more.  Starch  is  most  abundant  in  the 
vegetables  of  the  temate  system,  or  those  in  which  the  aqueous 
tiswe  predominates ;  and,  above  all  others,  it  is  an  abundant 
pcndoct  of  the  gramineae. 

Fixed  oil,  on  the  other  hand,  is  most  abundant  in  plants  of 
the  qutnate  or  carbonaceous  system.  Like  starch,  it  posaessesi 
very  generally,  the  tame  diameters,  from  whatever  plant  it  is 
taken ;  and  it  seems  to  be  connected  with  the  vascular  vege- 
table tissue,  as  starch  is  with  the  cellular.  It  is  scarcdy  pro* 
duced  elsewhere  tlian  in  the  seed,  from  which  it  is  extracted 
by  crushing.  Most  nuts,  hemp,  flax,  poppy,  almond,  rape, 
oKve,  and  the  seeds  c^  many  other  plants,  yidd  fixed  oil  abun- 
dantly ;  and,  however  different  in  natural  characters  the  vo* 
latile  oils  obtained  from  the  barks  and  leaves  of  different 
plants  may  be,  tiie  basis  of  the  fixed  oil  of  the  cotyledons 
seems  universally  the  same  in  its  general  characters. 

Fixed  oil,  when  pure,  and  the  access  of  vital  air  prevented, 
is  a  very  permanent  body,  and  its  individuality  is  so  great 
that  it  unites  into  a  soap,  with  alkalies,  and  may  again  be  dis. 
engaged.  It  presents  no  traces  of  the  ternate  system,  being 
abhorrent  of  all  aqueous  menstnut  The  experiments  on  its 
decomposition  have  been  so  few,  that  many  forms  might  be 
assumed  to  suit  the  condition  of  analysis.  But  several  cir- 
cumstances render  it  highly  probable  that  the  base  of  the 
fixed  oils  conrists  of  carbon  in  the  ligneous  arrangement. 
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New,  if  a  portioa  of  a  spiral  fibre,  conasting  of  five  particles 
at  carbon,  were  to  bend  itseif  into  a  circular  fionn,  as  it 
might  do  by  the  five  internal  angles  uniting,  or  by  conform, 
ipg  itself  to  a  particle  of  carbon^  or  a  pole  of  caFlxmic  arid^ 
carbonic  oxide,  or  nitrogen,  a.quinate  nudeeule  of  *  CMbon 
would  result,^— the  particka  ha¥ing  the  same  rehtionahip  to 
each  other  as  in  the  spiral  vessel.  Two  such,  joined'i^  Ave 
of  hydrofjen,  attached  lo  the  free  angles,  woold  tarn  »  sym- 
metrical body^  having  a  demand  for  two  partiolesi  of  carbtm, 
or  carbonic  amd,  to  fiU  up  its.  concave  poles.  Fion  die  do* 
opmpontion  of  this  body,  carbon  and  hydrogen  only  wouU  be 
piqcured,  with  that  quantity  of  oxygen  which  migU  be  nno 
volved  in  the  carbonic  oxide  or  acid.  These,  mriled  vanbua 
ways,  by  means  of  oxygen,  would  naturally  give  rise  to  v». 
rious  adds.  But  it  seems  probable  that,  in  such  an  arrange- 
ment, the  hydrogens  are  rather  overcharged  by  the  carbons, 
and  perhaps  vegetaUe  fixed  oil  consists  of  three  qliinate  lig- 
neous molecule  of  carbon,  such  as  have  been  described, 
united  by  ten  particles  ol  hydrogen,  five  on  each  dde  of  the 
central  quinate  molecule  of  carbon.  Such  a  form  will  be 
analogous  V>  the  first ;  and,  like  it,  will  be  subject  to  the  in* 
ddence  of  carbon,  or  its  acid  or  oxide,  on  the  concave  poles. 

Its  symmetrical  state  is,  when  there  ore  two  particles  of 
carbon  only  in  the  poles.  Its  atomic  weight  in  this  state  is 
105,  composed  of  85  carbon,  and  20.10  hydrogen.  If  a 
particle  of  oxygen  be  applied  to  one  pole,  there  is  an  addition 
of  8.7  per  cent,  of  oxygen,  and  if  a  particle  of  carbonic  acid 
be  received  on  each  pole,  which  is  equivalent  to  both  pedes 
(of  a  body  composed  of  10  particles  of  hydrogen,  and  three 
quinate  ligneous  molecules  ofcarbon),  being  constituted  of  car- 
bonic oxide,  14.8  per  cent,  of  oxygen  is  added,  and  the  atomic 
weight  is  135.  Such  a  fonn  would  agtdn  be  subject  to  the 
incidence  of  oxygen ;  and  thus,  besides  carbon  and  hydrogen, 
oxygen  would  be  obtained  from  the  analysis,  and  if  the  hy- 
drogens were  attached  to  the  poles  of  the  carbons,  and  not 
to  the  angles  of  the  circumference^  they  would  give  lise  to 
nitrogen  during  decomposition ;  for  as  soon  as  the  form  is 
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iam  asunder,  llieir  poles  beings  in  eacb  othev^  imniedkte^  ti- 
c^ioity,  would  very  probably  unite  so  as  to«onstkuteiii€ragenw 

In  the  form,  when  free  from  oxj^gen,  the  carbon  and  hydro- 
ge&.are  81  and  19  per  cent. ;  and  if  we  admit  a  particfe  of 
asygen^on  the  pole«  the  proportions  are  almost  exactly  tluse 
assigned  to  Gayi-Lusaae  as  the  eonstitnciits  of  oHve  oil  *. 

Jirbatever  be  the  particular  form  of  the  partide  of  fat  cih, 
ibare  can  be  little  doubt  but  the  pinnate  ligneous  moieeule  of 
jcavboo  is  that  implied  in  theur  construction.  Their  most  hn- 
paatani  chemical  features  are  their  union  with  alkalies  taibrm 
aoapSf  and  their  fixedness  in  the  air.  From  these  soi^  with 
fixed. alkalies,  another  aigument  in  favour  of  the  quinate 
Mg**^****  molecule  will  be  derived  when  we  come  to  these 
bodi 


Voktik  OiiL— 'When  the  vegetable  juiees  have  been  ex- 
poifd.to  the  sunbeam  and  air  in  the  leaves,  they  are  parted 
iaU>  thsee.  classes  of  substances.  Water  exhales  into  the  at- 
maq)h^re,  and  leaves  the  (dant.  Nudritioas  matter  descends 
in  the  region  contiguous  to  that  where  new  wood  is  forming, 
andaa.excrementitious  matter,  composed  in  a  great  measure 
of  carbon  and  hydrogen,  is  deponted  in  the  cells  of  the  bark, 
leaves^  and  flowers.  This  compound  varies  in  every  vegeta- 
Ue  species,  but  it  is  always  a  volatile  substance,  more  or  less 
of  an  oily  nature,  possessing  an  odour  so  much  that  of  the 
plant  in  wluch  it  is  secreted,  as  to  induce  the  belief  that  it  is 
to  the  escape  of  their  volatile  oils  that  plants  owe  their  fra- 
graoce.     These  essential  or  volatile  oils  are  commonly  obtain- 

*  In  this  analytui  the  hydrogen  is  aisumed,  at  utuaU  sboat  |th  of  the 

water  produced,  and  as  it  U  really  |lh,  the  quantity,  of  hydrogen  stated  in 

the  analyais  must  be  increased  in  the  ratio  of  6  to  9. , 

True  ratio.  G«y-LiMMC 

Carbon,  86  or  77-itS  77.313 

Oxygen,  10  „    9.088  9i4S7P 

Hydrogen,  20  „  iai6S  19.32 

If  we  diminish  the  oxygen  by  the  quantity  that  the  hydrogen  is  ia- 

cmsed,  it  would  indicate  one  particle  common  to  two,  which  would  give 

rise  to  a  synunetrical  ftrm. 
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od  by  distillation.  They  are  extremely  numerous,  but  none 
IB  produced  in  greater  quantity  than  turpendne,  which  is  the 
volatile  oil  proper  to  the  fir  tribe. 

The  constituent  particle  of  the  volatile  (hIs  seems  to  be  a 
temate  molecule  of  carbon,  with  one  of  hydrogen,  in  the 
concave,  and  occasionally  perhaps  another  on  the  convex  pde. 
The  particle  of  hydrogen  in  the  negative  pole  of  the  temate 
molecule,  is  attached  by  four  angles,  and  the  compound  par- 
ticle resulung,  must  be  very  penetrating  and  permanent,  and 
capable  of  grouping  round  carbonic  add,  carbonic  oxide,  and 
the  bases  of  fixed  oils  in  many  ways.  The  ratio  of  the  carbon 
to  the  hydrogen  in  this  body,  is  15  to  2,  and  its  atomic 
wdght  is  17:  where  there  are  two  parUcIes  of  hydrogen,  the 
ratio  is  15  to  4.  If  we  suppose  with  M.  Houton  LabiUar- 
diere,  that  turpentine,  purified  so  that  all  oxygen  is  removed, 
is  equivalent  to  four  volumes  of  olefiant  gas,  and  two  of  the 
vapour  of  carbon,  the  ratio  of  carbon  and  hydrogen,  accord- 
ing  to  the  mode  of  calculation,  on  which  such  suppositions 
sre  founded,  is  S  to  14.88. 

Bicarburetted  Hydrogen^  (Faraday). — If  two  temate  mole- 
cules of  carbon  had  only  one  particle  of  hydrogen  common  to 
them,  a  symmetrical  body  results,  and  two  such  joined  to- 
gether by  a  particle  of  hydrogen,  (producing  a  particle  analo- 
gous to  that  of  sugar,  malic  acid^  &c.),  seem  to  constitute  that 
substance  which  Mr  Faraday  extracted  from  the  condensed 
products  of  compressed  oil  gas.  At  natural  temperatures  it  is 
a  very  light  liquid,  and,  at  the  freezing  point,  it  forms  dendri- 
tic crystals.  Supposing  its  vapour  of  the  usual  density,  every 
volume  would  require  for  combustion  seven  and  a  half  of  oxy- 
gen. From  this,  six  of  fixed  air  would  result,  and  one  volume 
and  a  half  would  be  occupied  as  water,  along  with  the  three 
particles  of  hydrogen  proper  to  every  particle  of  the  substance. 
In  100  inches,  there  is  as  much  carbon  as  in  300  of  olefiant 
gas,  and  half  as  much  hydrogen.  Supposing  its  exclusive 
action  upon  the  radiant  to  be  the  same  then,  100  inches 
ought  to  weigh  about  (30  x  31) — 6.3  =  83.7  grains.     Now, 
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Mr  Faraday  calculated,  that,  at  a  mean  temperature  and  pra^ 
81U1P,  its  spedfic  gravity  was  40,  that  of  hydrcgen  bring  1, 
which  gives  about  84.7  grains  as  the  weight  of  100  indwi. 
But  in  such  vapours  as  those  resulting  from  hydrcgen  andon*- 
bon,  from  which  the  radiant  matter  is  excluded  in  so  remarkable 
a  manner,  an  equal  distance  among  the  partidet,  as  that  ob- 
taining among  other  gases,  cannot  be  altogetber  depended  on, 
and  little  ought  to  be  built  on  such  ooincidciioes  as  this. 

Naphtha. — The  combustion  of  carbon  in  temate  molecules 
is  not  effected  so  easily  or  perfectly  as  when  it  enters  upon 
the  gaseous  state  along  with  hydrogen,  in  single  particles. 
Carburetted  hydrogen,  olefiant  and  binolefiant  gas,  alco- 
hol, and  ether,  in  which  the  carbon  is  not  united  in  ter- 
nate  molecules,  bum  with  a  flame,  more  or  less  intense,  ac- 
cording as  the  quantity  of  carbon  is  greater  or  less,  and  with- 
out smoke.  Those  constituted  of  the  temate  molecule,  on  the 
other  hand,  such  as  volatile  oils,  Mr  Faraday^s  carburet  just 
noticed,  camphors,  resins,  and  bituminous  bodies,  yidd  smoka 
as  well  as  flame,  and  a  proportional  quantity  of  soot  The 
product  of  unburoed  carbon  probably  consists  of  temate 
molecules,  carried  up  by  oxygen  or  aqueous  vapour.  It 
arises  chiefly  from  a  want  of  heat  in  the  region  of  combustion, 
sufficient  to  break  up  the  temate  molecule.  It  is  also  highly 
probable  that  some  particles  of  hydrogen  may  escape  com- 
bustion in  the  concave  centre  of  a  temate  molecule,  and  if  a 
particle  of  water  should  alight  upon  this,  it  is  evident  that  a 
particle  of  ammonia  would  speedily  make  its  appearance. 
This  being  again  decomposed,  would  yield  nitrogen  and  hy- 
drogen ;  according  to  which  view,  the  occurrence  of  nitrogen 
among  the  products  of  coaly  bodies  is  not  to  be  wondered 
at  But  if  the  temate  carbon  remiuned  upon  the  pole  of 
the  water,  three  edges  of  which  are  engaged,  then,  as  soon  as 
a  free  partide  of  hydrogen  was  in  the  way,  and  not  repelled 
in  consequence  of  its  temperature,  it  might  complete  the  fcHrm 
by  entering  the  other  pole  of  the  water.  The  three  particles 
of  hydrogen  in  the  water  unattached,  and  unsymmetrically 

A  a 
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idMed  to  the  axis,  might  now  dumge  Aar  pcwitiom,  to  that 
their  poles  would  aeek  the  oentre  of  the  maai,  and  thai 
there  would  rmaia  a  paitide  of  sulpbiir,  diaiged  with  thiee 
of  fajdnogeOf  and  a  teroate  nK^ecnle  of  carbon  >od  the  pole  of 
the  aalphiir. 

The  tenden^  to  fdnn  aawke  is  eieniplified  in  4^1  the  i^ 
tominous  i^odics  of  which  oi^dia  ssons  to  he  the  hase.  In 
its  punest  state,  naphtha  is  a  oolouriess  liipiid,  having  a  very 
peoetratiDg  disagreeable  odour,  and  a  nauseous  taste.  It  is 
highly  vdatale,  and  poasesaes  an  oily  habit.  It  is  a  somewhat 
abondant  product  of  nature,  ^wcurring  on  the  sttr£soes<tf  lakes 
and  springs,  in  a  liquid  state.  It  is  also  found  in  many  atu- 
ations  as  a  acbd,  in  which  states  it  is  known  according  to  the 
degree  of  its  cohesion  and  colour,  by  the  names  of  Petroleum, 
MsnetaUar,  Maltha  or  Mineral-pitch,  Aspbaltum,  Elastic  Bi- 
tumen, Mineinl^:afnitchouc,  Beanas-phaltum,  and  Coal-tar. 

Naphtha  is  remarkidble  among  natural  products  (not  simple) 
for  containing  no  oxygen :  hence  it  is  fit  for  confining  potas- 
sium in  die  metallic  state.  It  is  a  too  abundant  product  of 
the  distillation  of  coals  during  the  preparatipn  of  gas,  and  its 
reducdou  to  olefiant  gas  seems  to  be  very  difficult ;  the  abun- 
dance in  which  it  is  produced  in  the  rude  operation  of  distil- 
ling coal,  would  lead  us  to  infer  that  it  possessed  some  simple 
structure,  and  the  same  idea  is  suggested  from  its  beioga 
product  of  the  mineral  strata,  in  this  respect  differing  from 
most  other  hydro-carbonaceous  bodies,  winch  are  the  result  of 
organization. 

Until  something  appear  to  the  contrary,  we  may  suppose 
it  to  consist  of  two  temate  molecules  of  carbon,  united  by 
three  of  hydrogen,  with  a  particle  of  carburetted  hydrogen  on 
each  pole.  Its  atomic  weight  is  £0,  (40^  carbon  +  10^  hy- 
drogen), and  its  carbon  and  hydrogen  are  in  the  ratio  of  80 
and  20  per  cent.  The  central  form  consists  of  two  temate 
molecules  of  carbon,  united  by  three  of  hydrogen.  It  is 
equivalent  to  three  of  olefiant  gas.  Into  jthis  state  naphtha 
will  always  be  apt  to  degenerate  by  the  departure  of  carburet, 
led  hydrogen* 
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Cjfamogm. — M.  Gay-Lutsac  bas  made  us  acqiiainltfd 
very  curious  body,  to  irhicb,froiii  tbe  blue  colour  it  gives  rise 
to  in  its  most  important  state  of  combination,  be  bas  given 
tbe  name  of  Cyanogen.  Like  tbe  compounds  of  carbon  and 
bydrogeuj  wbich  have  lately  occupied  our  attention,  it  is  a 
product  of  organization.  It  is  diiefly  met  with  in  bkxidy  and 
other  nitrogenated  organic  bodies;  but  it  is  also  developed  in 
tbe  a£ratad  juices  of  eortain  j^ts,  such  aa  those  of  the  faauly 
Lauriacst,  and  certain  Rosacese,  of  which  nitrogen  fimns  no 
part  It  is  produced  in  nature,  however,  only  in  small  quan- 
tities, and,  for  tbe  purposes  of  ezperioMnt,  isdisei^aged  from 
a  stale  of  union  with  mercury. 

Cysaogen  b  a  compound  of  three  partides  ct  carbon,  on  a 
oomawn  asis,  imiled  by  partides  of  bydrqgen  on  all  the  equa- 
torial angles  (Fig.  77,  in  which  there  is  a  particle  of  hydio* 
gen  on  the  pole,  constituting  hydrocyanic  acid).  Its  atomic 
weif^  is  85  (15^  carbon  W^  hydrogen).  Under  a  prsssune 
of  8J  atmospheres,  it  is  a  transparent  liquid ;  and  in  ordinary 
dmumstaSKM  it  is  an  invisible  gM  of  the  usual  density.  The 
hydfeogens  are  so  compleldy  engaged  and  fixed  on  all  their 
poles,  that  thdr  capacity  for  heat  is  not  notably  greater  than 
in  forms  such  as  nitrogen ;  hence,  in  estimating  the  weight  of 
tbe  gss,  we  must  be  guided  by  its  atomic  woght  compared 
with  that  of  common  air.  But  it  is  so  deficient  in  an  equator, 
that  it  seems  to  follow,  that,  in  its  most  perfect  state,  every 
particle  shall  be  charged  with  five  atoms  of  radiant  matter  *. 

Its  refractive  power  is,  however,  very  oonsideratde ;  for  as- 
certaining its  weight,  dierefcH^,  experiments  must  be  resorted 

*  I/flo,  tben  the  weight  of  100  inches  would  be  thuf  inade  up  s 
Weight  derlTcd  from  atomic  weigiit  comptred  with  thet 

ofsir, St.3 

Five  atoms, 7.S 

60.8 
Two  stoma  excluded, 3. 

Weight  to  be  found  by  balMice,  MS  grtint. 
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to.  According  to  those  of  Gay-Lussac,  100  inches  w«gb  up- 
wards of  55  grains.  It  is  one  of  those  gases  which,  like  vital 
air  and  intoxicating  gas,  would  probably  never  give  the  same 
result,  when  prepared  by  different  chemists. 

Cyanogen  has  a  very  peculiar  odour,  and  is  combttadble. 
The  position  of  the  hydrogens,  however,  is  sueh  as  almost 
completdy  to  secure  them  from  combustion ;  for,  when  a  par- 
ticle of  oxygen  is  in  the  act  of  withdrawing  a  partiele  ^  car- 
bon from  off  the  poles,  the  poles  of  the  hydrogens  must  dide 
along  the  edges  of  the  retiring  carbon  towards  the  apex  of 
the  carbon,  which  is  receding,  and  thus  meet  and  form  a  par- 
ticle of  azote.  Suppose  a  molecule  of  vital  air  to  be  opened 
up  by  the  temperature  of  combustion,  so  as  to  admit  a  par- 
ticle of  cyanogen  between  its  two  parts,  the  two  particles  of 
vital  air  thus  opened  embrace  the  poles  of  the  cyanogen  with 
the  phenomena  of  combustion.  A  repulsion  is  immediately 
instituted.  The  cyanogen  parts  into  two  at  the  equator. 
The  hydrogens  slip  together  towards  the  apex,  thus  moving 
symmetrically^  and  still  sustaining  a  symmetrical  form.  The 
central  particle  of  carbon  is  then  exposed  to  the  action  of  the 
vital  air.  The  two  particles  of  oxygen  on  the  poles  turn  upon 
it,  disengaging  the  nitrogen  ;  and  there  results  a  molecule  of 
citrogen,  composed  of  three  of  carbon  and  two  of  oxygen. 
This  is  combustible,  and  is  ready  for  the  incidence  of  another 
molecule  of  vital  air ;  and  thus  there  results  a  molecule,  com- 
posed  of  three  of  carbon  and  four  of  oxygen  ;  that  is,  a  par- 
ticle of  pyragyne.  Or,  if  we  suppose  the  particle  of  carbon 
disengaged  from  the  centre  of  the  cyanogen  to  remain  in  its 
position  for  a  moment,  then  pyragyne  is  again  evolved  by  the 
simple  displacement  of  the  two  particles  of  nitrogen  by  two  of 
oxygen.  Thus,  for  the  complete  combustion  of  every  particle 
or  volume  of  cyanogen,  four  particles,  or  two  molecules  or  vo- 
lumes of  oxygen,  are  required ;  and  the  result  is  one  molecule 
or  volume  of  nitrogen,  and  one  particle,  that  is,  two  volumes  of 
pyragynic  acid  gas.  If  the  combustion  has  been  regular,  there 
is  no  change  in  volume  of  the  mixed  gases.  During  the  mo- 
ment,  however,  in  which  the  particles  of  nitrogen  are  sepa- 
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rate,  it  is  only  to  be  expected  that  some  nitrous  partides  ihould 
be  generated,  and  of  these,  nitrous  add  would  produce  a  dU 
minution  of  Tolume.    Neither  is  it  to  be  expected  that  all  the 
hydrogen  would  become  nitrogen :  the  disengagement  of  a  fcw 
partidta  of  hydrogen  seems  extremely  prc^baUe;  and  it  is  to  be 
remarked,  that,  in  the  deflagration  of  cyanogen,  which  is  very 
▼icdent,  there  is  not  the  same  uniformity  of  volumes  produced 
as  hq>peBS  in  other  cases.     Cyanogen  is  absorbed  by  a  great 
many  bodies.   It  is  taken  down  in  large  quantities  by  alcohol, 
and  water  absorbs  several  times  its  volume.    In  these  media, 
however,  it  undergoes  decomposition,  in  consequence  of  its  own 
affinity  for  hydrogen,  and  that  of  the  oxygen  that  is  developed 
by  the  dcoompontion  of  the  water  for  carbon.   To  engage  the 
carbon  of  one  particle  as  pyragynic  gas,  four  of  water  must 
be  deeompoied,  and  consequently  four  of  hydrogen  set  firee. 
One  of  these  hydrogens  is  occupied  by  a  particle  of  qranogen 
not  yet  decomposed ;  and  thus  there  remain  from  the  forma* 
Uon  of  eveiy  partide  of  pyragynic  add  two  of  nitrogen  and 
three  of  hydrogen,  which,  when  presented  to  each  other  in 
the  nascent  state,  give  rite  to  a  particle  of  ammonia*     Thus, 
any  quantity  of  cyanogen  and  water  is,  by  partial  decompose 
tion,  resolved  into  equal  numbers  of  partides  of  hydrocyanic 
add,  pyragynic  acid,  and  ammonia,  all  which  occupy  equal 
voluoies.     If  we  suppose  two  volumes  of  cyanogen  and  four 
of  steam  to  be  decomposed,  which  are  the  quantities  required, 
there  is  no  change  of  volume,  for  the  three  resulting  partides 
occupy  a  double  space.     It  is  this  complete  occupation  of  the 
elements,  and  the  existence  in  every  partide  of  cyanogen,  of 
the  number  of  particles  of  carbon  requisite  to  form  one  of 
pyragynic  gas,  that  determines  the  evolutkxi  of  this  gas  in 
this  instance,  instead  of  common  fixed  air,  which  is  probably 
far  more  generally  developed  in  other  cases  of  fermentation 
and  deflagration. 

Hydrocyanic  Acid.  Pruasic  Add. — When  we  recollect  the 
structure  of  the  base  of  the  aceUc  and  dtric  adds,  we  will  be 
prepared  to  anticipate  that  cyanogen  should  have  an  affinity 
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hjdny^  mA  tarm^  alng  widi  m  pMrtkb  om  iii  pirn 
(Rg.  77.),  «D  M9d  body,    llieitottnwdgtocf  dii» 
i«87,  irUeh  ii  *#  «Me  «•  tte  <)r  dtrie  vM?  tmt,  iH^ 
hm  Miiery-  ojmKyww  «bki  jv  m  cxpsBBBa  iGfnifpEMHMH  «i 

J»^i»   -■-       M   ^^^^^^_^^*^^     ,  .Va  ^  ^kA^^M  ^^mIiamSI^i  ^MMA'd^^k^k  BhAk^^^HI^ 

vw]f dnrennt  propafMi.  'it  wrwy  ^iwiwiti  wwt  iwy  py— By 
iiiiiuDeclina0Mi«r¥qNM»;  Wlie»ttifdltiirli|MMmd 
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pboriM,  wbidi  it  iwenibte*  in  piwtiwlnjf «  MiMbcv  of  Cmw 
Amtnq(  the  aiJi,  n  foimd  «i  thir  {MidPrtf  ptilA^ 

Tlw  molt  iiitemrthig  picyewy  of  lijrdidfl;yiate  odd  ii  illi 
▼ioieat  poisoDooo  qndiiy.  It  is  toid  thoC  a  nk^  dno|S 
pheed  aa  the  toogae  of  oddg^  eadied  desthin  «  few  Wb» 
ocxids;  which,  even  {deamg  the  imaghMtion  wMi  the  b^cf 
that  it  was  a  vety  large  drof^  and  a  very  snail  dog,  indicateo 
a  destmetive  power  of  marveHons  potency.  Its  vapour  abo^ 
when  diffused  in  the  air,  produces  narcotic  eflbcts,  wbidi  tbe 
diemist  must  guard  i^ainst 

The  action  of  poiaons  still  remains  unexphdned.  HjrdrD- 
<7anic  acid  must  be  a  body  of  very  powerful  electrical  affec- 
tions, and  consequently  a  powerfully  disorganizing  form.  It 
is  aho  so  similar  to  the  forms  in  the  blood,  that  thb  fluid  must 
fanmediately  recognise  its  energy.  That  substance  to  the  de» 
vdopnent  of  which  hydrocyanic  acid  would  dispose^  is  hydro- 
cyanic add  itself.  Hence  a  little  of  the  poison  introduced  may 
soon  generate  more ;  and  if,  indeed,  chemists  are  able  to  detect 
hydrocyanic  add  in  the  bodies  of  individuals  who  have  been 
poisoned  by  it,  it  would  diminish  the  difficulty  of  suppodng 
ibat  it  could  have  escaped  decomposition,  if  we  assume  that 


OF  CAABOH.  S7A 

tbm  what  was  swiUowed  Ud  ben  dcvdbfed  k  ibe  9f$r 

ito  iatrwL    Tbt  actkiii  of  lennds^  if  iifiljptrf,  nit^t  JMl 
io ffme ^yacovarlet  rt ■peeling  the adiiNi  at tomepomiik 

HydfoejrflUD  add  dMol^6d  in  frnter,  aiv«i  whin  cbmUmM 
ham  air^  b  Tiery  liable  to  ipontaaeoua  ehangsi^  aad  Jiumm 
poiitioii  aomediiies  ooouneiicet  an  ham  after  it  baa  been  ^#- 
pared.  This  fomiidaUe  eubetanoe  ie  of  very  rare  oocurreooe 
in  nature.  It  it  found  in  small  quantities  in  the  leaves  and 
cotyledons  of  certain  pfamts  ;  and  Ibe  diitiUed  water  from  the 
leaves  of  the  Frunus  launhceratua^  owe  their  poisonous  qua^ 
Ktiea  Io  its  presence.  To  be  aUe  to  wnammrfl  the  nntritbus^ 
tBfdirinal»  or  pcnsooous  nature  of  plants  fmn  observing  their 
<irginiirtbn»  iriU  be  one  of  the  highest  sttainraiwf  of  scienoe^ 
and  win  bsloBg  to  anotfaeri^  It  is  not  a  Utile  curious  la 
observ%  however^  that  the  four-valvied  anther  which  piiinissss 
ao  ranarkable  a  structure,  is  genmdly  assoriatfd  with  vesy 
active  medicinai  or  poiscnous  qoalitiea  It  is  found  m  the 
LaurincB  and  Berberidee,  the  fonncr  of  which  yield  cam* 
pbor.  Oil  of  caasia,  sassafras,  and  many  other  interesting  8ttb» 
stances;  and  the  bark  of  the  barberry  (if  we  Bwy  receive  the 
tcstiniony  of  those  who  have  sutiEered  froBi  the  jaundice)  is 
worthy  of  a  place  iti  the  pharmaoopceia.  This  plant  is  idso 
saad  to  eiLert  a  singular  energy  upon  the  surrounding  veget^ 
tioo.  The  present  fashion  in  the  practice  of  medicine,  of  dk^ 
rsteeming  vegetable  principles,  and  introducing  quantises  of 
mineral  substances  ioto  the  animal  sjrstem,  is  certainly  very 
much  against  the  economy  of  nature. 

Cyamie  Add, — ^Besides  the  hydrocyanic  acid,  cyanogen 
being  arrested  previous  to  deoompotttion  (while  the  oxygen 
remains  on  one  pole,  the  other  being  inserted  into  a  base) 
■uiy  P^®  >^  ^  A  ^^^^'^^  which  is  called  Cyanic  Add.  By  the 
decomposition  of  three  particles  of  water,  it  becomes  pyragynsc 
gas^  and  the  three  of  hydrogen  set  free  unite  with  the  two 
parudes  of  nitrogen  to  form  ammonia.  In  this  case,  if  the 
cyanate  is  pure,  there  is  no  hydrocyanic  acid  fenncd;  bat  it  is 


876  OP  CHLO&UIE. 

enj-to  MB  .tfuOf  in  oertiiii'nodts  of 
4Mid  BiUBt  be  geiieriM.1; .  Itii..veiy  curioiM  to  obMrve  .with 
wiiatadoN«UA  iqgmi^^  chemiBti  are  eUe  to  detect 

the  decmnpoittioo>'  mdehingee  which,  lake  place  in  audi 
caiesaathia;  bat  it  it  ■oaredjf(.to  be  denied  that  in  att«gieat 
aiatteiB  xdating  to  the  eoaooaiy  ef  natun^  but  Kttle-knnr- 
kdge  bat  been  gained  fince- the  da]FS  off  Baeihaava .'  ■ 


1 t ■-       .'  .  .  .  t. .. I    »    )  '   , 


CSBUttUrXr  niPHIX»I8TIC4TSD  MABIKS  AGUX 

It  has  been  ahreadj  lenuukedr  that  the  quinate  meiecule 
of  GBihon  (Fig.  64.)^  in  which  five  partides  are  united  by  en 
edg^  pot<ctM?t  a  itafaility  ecaioely  inferior  to  the  angle  |Mr- 
tide  of  carbob  itadf..  It  may,  in  <«ct»  be  reguded  aeoom- 
•poaed  of  a  particle  of  carbon  in  the  centre^  whoie  .fima  ate 
ooYered  by  atomi  of  matter,  from  which  results  a  eymmetnU 
ed  ibrm,  having  five  re-entrant  .equatorial  edgesy  that  are 
oonformable  to  hydrogen ;  and  when  these  reentrant-regions 
are  covered  by  five  perddes  of  hydrogen,  the  foim  of  the 
quinate  mdecule  of  carbon  (Fig.  64.)  is  devdoped.  ^  It  may 
be  readily  generated,  then,  in  two  wayai  It  has  been  shewn  in 
a  former  page,  that  such  a  fcnrm,  in  whatever  way  developed, 
may  be  expected  in  the  ocean.  The  temate  molecule  does  not 
possess  sufficient  compactness  to  resist  the  pressure  and  violent 
attrition  to  which  it  must  be  exposed  in  an  unconformable 
element ;  and  except  when,  by  the  aid  of  hydrogen,  it  can 
escape  to  the  surface  as  naphtha,  it  would  probably  be  speedily 
destroyed,  all  the  carbon  being  ultimately  arranged  in  quinate 
molecules.  This  body,  however,  is,  in  a  remarkable  manner, 
conformable  to  nitrogen,  and  the  form  which  results  is  pos- 
sessed of  a  very  admirable  symmetry.  Such,  indeed,  is  the 
form  of  a  binate  molecule  of  nitragen  (Fig.  14),  that  it  is  a 
mould  tcx  a  quinate  molecule  of  carbon.  Its  five  equatorial 
cavities  are  conformable  each  to  the  reception  of  a  particle  of 
carbon :  so  that,  if  the  expanded  molecule  of  nitrogen  should 
fint  be  devdoped  in  a  region  where  free  particles  of  carbon  ex- 
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isty  the  incidence  of  five  in  the  eqoatorial  region  of  the  nitrogen 
may  be  expected ;  or  if  the  quinate  molecule  of  carbon  be  fint 
formed  where  two  particles  of  nitrogen  are  present,  the  nme 
form  may  be  speedily  erolved.    This  body  (Fig.  15.)  b 
Chlorine,  a  form  of  such  sjrmmetry  and  electrical  power  thai 
it  has  not  yet  been  decomposed.     Its  atomic  wdght  is  45 
{W  carbon  +  90*  nitrogen).    It  does  not  occur  in  nature 
uncombined,  but  usually  with  a  substance  so  nearly  related 
to  itself  in  the  circumstances  of  its  development,  that  it  is  a 
quinate  molecule  of  carbon  stopt  while  it  consists  of  a  partidt 
of  carbon  with  an  atom  of  matter  on  every  face  (Fig.  7.),  in 
which  state  it  wants  five  particles  of  hydrogen  to  become  si- 
milar in  form  to  a  quinate  molecule.     In  this  state  of  union, 
chlorine  constitutes  vast  beds  of  a  soluble  saline  substance^ 
named  SaUgem,  or  Rock-Salt,  which,  when  dissolved  in  water, 
decomposes  a  particle,  whidi  introduces  one  of  oxygen  and  one 
of  hydrogen  into  the  form.     Chlorine,  along  with  hydrogen, 
for  which^  like  the  analogous  forms,  carbonic  oxide,  dtrogen, 
cyanogen,  it  has  a  strong  affinity,  is  also  developed  during 
the  combustion  of  animal  substances ;  and  entering,  at  the 
same  time,  into  union  with  the  volatile  alkali,  constitutes  sal 
ammoniac.     It  appears,  also,  that  chlorine  is  produced  at 
Abo  in  Finland,  during  the  production  of  nitric  acid  from 
crude  nitre,  and  is  obtained  in  union  with  carbon,  which,  with 
nitrogen,  must  abound  in  the  impure  materials. 

It  does  not  appear  that  chlorine  can  be  resolved  into  smaller 
particles  in  the  laboratory.  It  appears,  however,  that,  in  cer- 
tain compounds,  one  of  the  particles  of  nitrogen  on  the  pole 
reverses  its  position,  to  obtain  a  form  more  suitable  to  the  ex- 
isting state  of  union.  In  this  case,  however,  the  carbon  still 
retains  the  reversed  pole  of  the  nitrogen  by  six  angles ;  and 
were  it  not  for  a  want  of  symmetry  with  the  other  pole,  and 
that  it  is  more  natural  when  a  single  convex  angle  constitutes 
a  pole,  this  form  might  be  retained  for  some  time.  When  chlo- 
rine is  disengaged  from  the  state  of  union,  however,  in  which 
this  reversion  seems  to  take  place,  the  particles  resume  their 
legitimate  position  with  explosive  violence.     If  two  could  be 
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tto  cisk  odnr,  oMkof  whidilitd  om  «Cils 

of  ievirf  iijiimMifiiiri  dwrtttlM^ 

Idk  a  fiMi»^*liii*efiiri  iradUI>iomnwifaf)Biy  Hk 

r  Md  'Jhtr  mM  famiitoiiw  cj  Mtiqgdki  a  tkft««Cre; 
dT  iMnldf  moll  of  oiMi  tvttBMinr  inA-fllMuA. 
lU:  Mft  b^  ngiidbd  ai -A  faoMte  aolHiiIe  •£  ckk^ 
i'be  iraqr  Milf  fektod  to  it^  .  lbi»  seons^la  ks 

13im^  chloffinedoai  boI  occur  in  the  free  ataic  wMiwni^ 
iiiugf  brterflj  ^ccngngcj  fbr  tiie|wa^oifli  of  the  cry  t^ 
eaqiaiiilciit  It  b  ftiiuid  to  be  a  hceivy  geacoue  bodf>  of  « 
jrikimd»f;iem  coIcmiv,  a  ^efjr  niccoiie  odom^  eed 
iag  actiMi iipoa the taungi'  It »« fatm tf  If^eati 
tMtjr^  pt^imtBg  tiMpbeBOBMnacf  ooaibilstiMi,  n 
fihfftffhtwtii^  ciihihiir4  and  other  hinHfij  aae  enioced>  to  iL 
CailinMfiinua  flaBMi^'  howerat,  aio  aofc  cotangllt  in  chhme 
aaki  vital «r.  Inlhe gHeowalatey  chlorine m culgect,  like 
eyanogcttt  to'the  aftichaifnt  of  five  mdJant  atoBM  at  the  hot^ 
b^raof  ilaeqpialor;  and  hcnee^  «nc»  ita  CBcknive  poireryiaa 
hriioated  by  itc  lefraetioDy  and  its  qiecifio  heat,  are  nmdi  the 
•ame  aa  conmion  air,  the  weight  of  100  inehec  will  be  that  of 
ita  oonMituentay-— 

Carbon,  ....      7.75  X  0  m  SftTS 

NitrageBy       ••..••         3ft 
AtMU,  ...*..  7.A 

7&S5gniiifl, 
which  is  the  wei^t  usually  found  by  the  balance.  When 
sudd^y  ocMnpressed,  chlorine  becomes  luminous,  like  vital 
air  and  cyanogjen,  and,  under  a  jM'essure  of  four  atmospheres^ 
it  exists  as  a  bright  yellow  liquid^  which  does  not  congeal  at 
lero.  Like  the  analogous  gases,  it  is  largely  absorbed  by 
water,  and  its  most  symmetrical  hydro-molecule  must  require 
five  particles  of  water  to  each  pole.  Mr  Faraday  found  that 
vqxNur  and  dilorine  unite  in  theae  proportions,  and  a  hydrate 
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of  Ghlorine  remlu,  whidi  tboott  ints  dtndritiecrjrtlakti 
penturat  unckr  the  fretamg  poiot  The  $tama  wiigh^  of 
tbit  molecule  is  165.  ChkiriBc  it  emdeotly  ikted  in  »f«iy 
otiwrn  degree  for  diecbeigiig  eekxar.  Fhrii  ils  known  d#* 
mnd  fee  hydrogen,  ii  ceueee  a  pertiele  of  weftcr  nenr  iU  pole 
to  eewnue  the  timpe  cK  e  perCkie  of  hydrojgeiv  (attediedl  le 
the  pole  of  the  chkriae)  aiinnoanted  bjr  •  pevtiele  of  esjpA. 
Hue  ie  the  mm  effriingfiept  m  in  the  de«tti«de  of  bydin» 
gen,  whidi,  bainiig  a  demand  lior  an  mom  of  radnni  amtlVt 
when  it  emmot  get  it  otherwise,  will  destroy  chrumatie  aiai 
toproeufieit 

The  solution  of  chkmne  If  fimnd  In  be  so  lahiabk  for  disi* 
diarpng  colours,  that  it  is  now  commonly  substituted  in 
bfaadimg,  instead  of  a  long  conthraed  eKposoes  to  the  sun- 
beam, wUdi  probably  ilhinmiates  the  extieme  atoms  of  the 
ihnjBBStie  axes  so  strongly,  that  they  are  eocetmifriy  riipBHed» 
and,  mingling  in  the  sunbeam,  leave  the  body  colouriesa 

Chlorine  ie  abo  possessed  of  Tory  valuable  antioontagions 
powers.  It  would  be  a  vahiaUe  accession  to  8cienoe»  coiild 
physiologiBts  make  us  aoquaioted  with  thoes  morbific  inii^ 
ences  whidi  are  genented  in  certain  diseases,  and  are  capabk 
of  being  insulated  so  far,  that  they  may  remain  in  the  ataso- 
sphere  of  apartments,  and  attached  to  furniture.  The  cou 
tremes  of  nervous  action  and  lethargy,  wbidi  are  exhibited  in 
fevers,  indicate  that  the  radiant  tissue  of  the  system  is  in  a 
morbid  state ;  and,  until  something  appear  to  the  contrary, 
we  may  suppose  that  this  morbid  state  induces  a  similar  con* 
dition  on  certain  rays  of  the  external  radiant  matter  to  acertain 
distance  around  the  patient,  which,  in  consequence  of  its  pecu- 
liar state  of  excitement,  is  no  longer  fit  for  being  recognised  by 
the  pure  light,  and  for  being  received  into  its  rmy% ;  and  thos^ 
in  infected  chambers,  there  will  be  a  number  of  radiant  atoam 
diaiged  with  subtile  matter  of  sudi  a  nature  as  is  devdoped 
in  die  disease  which  originated  them.  These  particles  fomw 
ing  no  part  of  the  radiant  medium,  or  being  intruders  into  it, 
will  be  readily  absorbed  by  many  bodies,  bnt  nmre  espedatty 
by  such  as  chlorine^  every  partide  of  which  migbt 
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date  five.  If  we  suppose  that  the  chlorine,  immediately  on 
its  diseDsaffement.  attracted  five  atoms  to  it,  which  micht 
chance  to  be  pure  as  well  as  infected,  it  is  still  in  aocordanee 
with  the  views  of  affinity  advanced  in  this  work  to  suppose 
that,  in  consequence  of  the  radiant  medium'^s  demand  for  pure 
radiant  matter,  and  disregard  for  infected,  the  fully  charged 
particle  of  chlorine,  as  it  floats  aloDg,  shall  successively  part  with 
its  pure  atoms  to  the  radiant  medium,  and  absorb  those  that 
are  infected.  These  views  would  lead  us  to  believe,  that,  in 
certain  states  of  fever  (where  delirium  by  such  practice  could 
be  prevented),  exposure  to  the  sunbeam  might  be  of  use.  But, 
doubtless,  these  views  are  very  apocryphal. 

Spirit  qfSaU.  The  Marine  or  Muriatic  ^ctd—Cblorine 
has  a  very  strong  affinity  for  hydrogen,  constituting,  along 
with  one  parucle  on  one  pole,  a  hydracid  of  much  interest 
and  great  strength.  The  solution  of  chlorine  in  water,  if  ex- 
posed to  light,  is  apt  to  degenerate  into  this  add ;  and  it  may 
be  directly  produced  by  mixing  the  two  gases  in  equal  vo- 
lumes. While  they  are  kept  in  the  dark,  each  aerial  tissue  is 
able  to  sustain  its  own  symmetry,  and  union  does  not  take 
place ;  but  the  application  of  flame,  or  the  sunbeam,  causes 
them  to  unite  with  explosion.  There  is  no  contraction  of  vo- 
lume, but  the  new  gas  (Fig.  17)  is  colourless,  very  acidous 
in  its  properties,  and  more  impatient  than  chlorine  of  the 
gaseous  state.  When  water  is  admitted  to  it,  it  is  instantly 
absorbed ;  and  when  it  is  permitted  to  escape  into  the  air^ 
white  fumes  are  perceived,  from  the  incidence  of  the  aqueous 
vapour  on  the  hydrogerent  pole. 

There  are  three  hydrated  molecules  which  can  be  con- 
ceived. That  contmning  the  least  quantity  of  water  has  one 
particle  on  the  hydrogerent  pole,  and  five  round  the  edges  of 
the  opposite  pole,  or  six  altogether.  The  other,  which  is  fully 
charged,  has  five  particles  of  water  on  the  edges  of  each  pole, 
five  on  the  edges  of  the  equator  of  the  chlorine,  and  one  on 
the  hydrpgerent  pole,  or  sixteen  in  all.  Now,  it  appears  from 
die  tdldei  of  liquid  muriatic  acid,  and  is  more  expressly  suted 
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by  Dr  Thomson  (First  Princ.  vol  i.  p.  87),  that  the  sticngMit 
acid  consists  of  one  particle  of  acid,  and  six  of  water ;  while 
that  whoae  boiliDg  point  is  a  maximum,  that  in  which  the 
dispositioo,  both  of  the  add  and  water,  fbr  the  aMfom  state 
is  mont  completely  counteracted,  consists  of  one  particle  of 
acid  united  to  sixteen  of  water. 

Water  is  able  to  absorb  abore  four  hundred  times  its  vo- 
lume  The  solution,  when  strong,  emits  suffocating  fumes, 
and,  in  its  most  concentrated  state,  boils  at  a  little  above  blood- 
heat.  When  the  Uquid  mass  consists  of  fully  hydrated  par- 
ticles, however,  its  bailing  point  is  higher  than  that  of  water. 
In  all  cases  it  is  congealed  with  extreme  difficulty.  The  so- 
lution in  pure  spirit  of  salt  is  colourless,  intensely  sour,  and 
dianges  vegetable  blues  to  red.  It  is  a  powerful  add,  uniting 
with  bases,  and  constituting  saline  solutions,  during  the  tran- 
sition of  which  to  the  solid  state,  very  interesting  phenomena 
occur. 

In  the  voltaic  focus  the  add  is  decomposed,  the  dilorine 
gdng  over  to  the  positive  pde,  and  the  hjrdrogen,  as  usual, 
to  the  negative.  No  voltaic  eneigy  has  yet  been  adequate  to 
draw  off  the  nitrogen  from  the  base,  nor  indeed  need  we 
wonder  at  this ;  for,  to  judge  from  their  forms,  one  would  be 
apt  to  infer  that  the  electrical  state  of  a  quinate  molecule  of 
carbon  and  nitrogen  would  be  much  the  same,  and,  if  so,  the 
tendency  of  both  towards  the  same  pole  would  be  equal,  and 
decomposition  could  not  be  effected. 

Sal  ^mmonkic.-*-Chlorine  (Fig.  15),  and  Ammonia  (Fig. 
58)  are  quite  unconformable  to  each  other  in  every  feature; 
while  muriatic  add  (Fig.  17)  and  ammonia  are  very  highly 
conformable,  and  must  evidently  have  an  intense  affinity. 
Hence,  when  chlorine  and  ammonical  gas  are  mingled,  there  is 
a  dccompontion  of  the  latter,  accompanied  vrith  the  emission 
of  light,  and  a  white  powder  predpitates,  which  is  a  muriate 
of  ammonia.  If  all  the  hydrogen  and  chlorine  have  been  en- 
gaged by  the  ammonia  left  undestroyed,  there  must  only  be  a 
esiduum  of  nitrogen.     Every  particle  of  ammonia  that  is  re- 
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flolved,  yieldft  three  of  hydrogen,  and  can  fbrm  three  of  rau- 
liatic  add  with  three  of  chlorine.  These,  with  three  of  ain- 
monia,  fail  as  sal  ammoniac,  and  there  remuns  a  binate 
molecule  of  nitrogen,  which  must  evid^itly  be  equal  in  vo- 
lume to  half  that  of  the  ammonia  destroyed ;  for  one  particle 
of  ammonia  has  been  destroyed,  and  it  occupied  a  double 
vdume  compared  with  a  binate  molecule,  or  a  particle  of  at- 
moipherical  nitrogen.  The  white  precipitate  of  sal  ammoniac 
equally  takes  place,  when  the  acid  and  alkaline  gases  axe 
mingled  in  equal  volumes.  When  iduriatic  add  is  exposed 
to  aqueous  vapour,  a  white  predpitate  in  like  manner  appears, 
but  it  constitutes  a  liquid  body. 

When  aounonia  and  muriatic  add  are  mingled  in  equal 
volumes,  it  follows  that  the  particles  resulting  are  composed 
of  one  of  add  and  one  of  alkali.  But  natural  sal  ammoniac 
seems  to  be  omstituted  of  large  molecules,  a  hemisphere  of  one 
consisting  of  a  hydrated  particle  of  ammonia  in  the  centre,  with 
dx  of  the  muriate  of  ammonia  around  it,  and  a  partide  of 
water  on  each  alternate  segment  of  the  mass.  If  such  be  its 
structure,  its  atomic  wdght  is  572. 

AmuiMd  ratio.                   BantUmf  andyiii. 
Add,     .    .    282 282 

Ammonia,      182 179*5 

Water,      .108 105- 

Sal  ammonia  is  a  rather  tough  deliquescent  salt,  which  is 
sometimes  found  crystallized  in  tessular  forms.  When  a  sa- 
turated solution  is  set  aside  to  cool,  very  interesting  pheno- 
mena take  place  during  the  progress  of  crystallization  (Mohs^ 
Mineralogy,  vol.  ii.  p.  40).  The  taste  of  sal  ammoniac  is 
bitter  and  cool,  and  it  may  be  deprived  of  its  water  by  subli- 
mation. It  is  found  in  volcanic  districts,  and  is  produced  in 
small  quantities  in  the  sea.  Ammonia,  however,  is  not  the 
temate  form  which  might  be  expected  abundantly  in  the 
waters  of  the  ocean,  but  another  with  isamorphous  poles,  af- 
terwards to  be  noticed. 

Chloru:  ^ciJ.— -Chlorine  indicates  its  relationship  to  nitro- 
gen very  well  in  its  habitudes  with  oxygen.     In  consequence 
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of  its  Ughly  negative  state,  its  affinity  is,  indeed,  weak,  but 
it  forms  several  well  characterised  ocmipounds  of  much  in* 
tticst  None  of  them  occur  in  nature;  and  for  the  purpose 
of  experiment,  they  must  be  generatiod  io  a  manner  similar  to 
the  nitrous  compounds.  To  develope  the  quioale  acid,  from 
vfaicb  the  others  are  to  be  derived,  it  is  necessary,  as  in  the 
case  of  nitric  acid,  to  effect  an  union  with  potassa,  which,  in 
ooosequence  of  its  own  eminently  quinate  form,  has  greater 
power  in  inducing  quinate  arrangements  than  any  other 
body.  The  nitric  acid,  in  union  with  potassa,  is  devdoped 
in  nature ;  but  to  obtain  the  chloric  acid,  it  is  necessaiy  to 
pass  chlorine  gas  through  a  solution  of  potassa.  Part  of  the 
chlorine  decomposes  water,  the  oxygens  crowning  die  hy- 
diogerent  poles  of  the  chlorine  group,  in  sets  of  five  on  the 
pole  of  a  particle  of  chlorine  which  now  goes  directly  in  union 
with  potassa.  Besides  the  muriate,  then,  a  chlorate  of  potassa 
is  developed,  which  crystallizes  in  rhomboidal  plates^  having 
an  adamantine  lustre.  The  acid  may  be  removed  fiom  the 
base  with  which  it  is  united,  upon  which  it  exhibits  the  or- 
dinary  add  properties.  It  has  no  power  of  destroying  ooloura, 
though,  like  other  acid  bodies,  it  reddens  them. 

The  atomic  weight  of  chloric  acid  is  95  (45  chlorine  4-  50 
oxygen);  and  though  it  cannot  be  constituted  by  a  direct  union 
of  the  elements,  it  may,  like  the  nitric  acid,  be  regarded  as  a 
compound  of  one  volume  of  chlorine  with  two  volumes  and  a 
half  of  oxygen. 

Perchloric  Jdd.— From  the  deoomposidon  of  chloric  eoid 
in  different  ways,  various  substances  result,  of  which  disie  m 
one  containing  a  larger  proportion  of  oxygen.  It  is  named 
Perchloric  Add,  and  consists  of  a  particle  of  chloric  add,  with 
twoaddiuonal  particles  of  oxygen,  one  on  each  pole.  It  is  not 
possessed  of  much  interest 

Euchhrine^^^The  compound  which  has  only  one  partide 
of  oxygen  on  one  pde,  is  an  aeriform  body  bearing  the  name 
of  Euchferine,  from  its  fine  yelbw-green  eoknir.    Its  odour 
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is  like  that  of  burned  sugar.  Water  absorbs  eight  or  ten  times 
its  volume,  and  acquires  a  lemon  tint  Euchlorine  approaches 
to  an  acid  in  its  nature.  It  has  the  power  of  discharging 
colours,  but  it  previously  reddens  them.  It  may  be  decom- 
posed by  detonation,  in  which  case  50  volumes  expand  to 
about  60,  of  which  40  are  chlorine,  and  SO  oxygen,  the  num- 
ber of  particles  in  both  bang  equal.  100  inches  weigh  be- 
tween  74  and  76  grains ;  hence  it  is  one  of  those  gases  whose 
density  is  neither  represented  by  two,  or  that  of  hydrogen  or 
chlorine^  nor  by  four,  or  that  of  muratic  add,  but  an  inter- 
mediate number.  It  is  very  ea»ly  decomposed.  The  reso- 
lution is  accompanied  by  a  violent  explosion,  and  the  j»oduc- 
tion  of  light,  though  there  is  a  permanent  expansion.  This 
compound  is  procured  by  the  action  of  muriatic  add,  in  cer- 
tain quantities,  upon  chlorate  of  potassa. 

Peroxide  of  Chlorine. — By  the  substitution  of  oil  of  vitriol, 
another  heavy  chlorous  gas  may  be  raised,  which  appears  to 
consist  of  a  particle  of  chlorine,  with  a  molecule  of  oxygen  on 
each  pole.  It  possesses  an  aromatic  odour,  and  has  a  co- 
lour  still  more  richly  green  than  euchlorine.  At  the  boiling 
point  of  water  it  explodes,  and  a  greater  expansion  follows, 
forty  parts  becoming  sixty,  of  which  only  twenty  are  chlorine. 
Perhaps  this  body  is,  in  reality,  a  binitrite  of  the  base  of  chlo- 
rine, the  particles  of  nitrogen  being  interposed  between  the  par- 
ticles of  oxygen  thus  constituting  nitrous  acid.  The  dreadful 
explosions  which  occur  in  some  of  the  compounds  of  chlorine, 
seem  to  be  movements  occasioned  by  the  force  of  symmetry 
acquiring  power  to  destroy  some  unsymmetrical  state  of  union 
into  which  the  mass  has  been  forced  by  chemical  affinity,  in 
opposition  to  the  laws  of  symmetry. 

Of  these  exploding  compounds,  the  most  formidable  is  that 
which  results  when  an  atmosphere  of  chlorine  acts  on  a  solu* 
tion  of  sal  ammoniac.  In  these  circumstances,  there  appear 
on  the  surface  of  the  solution  little  globules  of  an  oily  habit, 
but  of  a  nature  so  explosive,  that  they  can  scarcely  be  touched 
without  fulminating.     The  result  of  their  decomposition  is 
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fcHir  Yoluoies  of  chlorine  and  one  of  nitrogen.    But  chlorine 
and  nitrogen  cannot  be  made  to  unite. 

StsJphurafUp  (Davy).-— By  subliming  chlorine  through 
flowers  of  sulphur,  they  unite^  and  a  liquid  results  which  has 
a  red  colour  by  reflected,  and  a  yellowish-green  by  transmit- 
ted light.  It  has  an  odour  somewhat  resembling  sea-weed, 
and  it  emits  acrid  fumes  which  irritate  the  eyes.  It  is  de- 
composed in  water;  and  we  are  able  to  learn  that  it  consists 
of  a  symmetrical  form,  in  which  a  particle  of  chlorine  carries 
one  of  sulphur  on  each  pole.  Or,  it  may  be  that  a  quater- 
nate  molecule  of  sulphur  has  one  of  chlorine  on  each  pole,  the 
chlorine  occupying  the  place  of  the  hydrogen  in  sulphuretted 
hydrogen.     According  to  the  former  view,  its  atomic  weight 

is  65  (45^  chlorine  +  20'  sulphur) ;  in  the  latter,  it  is  130, 

(90*'  chlorine  -f  40^  sulphur.) 

PhogphuranCy  (Davy). — By  pursuing  a  method  analogous 
to  that  adopted  in  the  case  of  sulphur,  and  causing  phospho- 
rus to  sublime  through  corrosive  sublimate  (a  substance  con- 
taining a  large  quantity  of  chlorine  rather  loosely  engaged), 
a  liquid  is  formed,  which  has  an  analogous  structure  to  sul- 
phiuane.  It  is  limpid,  fumes,  and  is  converted  in  the  air  and 
water  into  phosphorous  acid  and  chlorine.  Its  atomic  weight 
is  Gloria. 

Pho8phurana^  (Davy). — Phosphorus  bums  with  avidity  in 
chlorine  gas,  and  a  very  interesting  Ixxly  results,  which  red- 
dens litmus  paper,  and  unites  to  ammonia,  giving  rise  to  a 
solid  resembling  an  earth.  It  is  a  snow-white  volatile  solid, 
analogous  in  its  structure  to  phosphoric  acid,  the  oxygen 

being  replaceil  by  chlorine.    Its  atomic  weight  is  53  (45^  chio- 

rine  +  8^  phosphorus). 

CIdande  of  Selenium, — Chlorine  was  united  by  Berzelius 
with  selenium,  and  it  must  be  confessed  that  the  compound 
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18  noticed  here,  gather  to  show  that  the  atomic  weight  ef  aele^ 
nium  advanced  in  this  work,  accords  with  its  known  combin- 
ing  weight,  than  from  any  interesting  properties  which  the 
compound  possesses.  From  the  synthetic  experiments  of  Rer- 
sseUus,  it  appears  that  1.782  parts  ^ifdibriiie'  ore  united  to 
1.000  of  selenium,  which  are  in  the  ratioof  46and<25.£6,  the 
true  ratio  b^g  45  and  S6.  The  atomic  weight  of  the  chio- 
ride  is  71. 

CMoruk  of  Tellurium. — Tellurium,  introduced  into  chh>- 
rine  gas,  bums  qx^ntaneouely,  and  a  white  semitransparenl 
substance  results,  which  readily  rises  in  vapour,  and  settles  in 
crystalline  forms.  Davy  determined  its  compo^tion  to  be 
chlorine  1.83,  and  tellurium  2.0.  Now  these  numbers  are  to 
each  other  as  45,  or  one  particle  of  chlorine,  to  49-19  or  two 
particles  of  tellurium  very  nearly,  the  exact  number  being  4& 
Its  atomic  weight  is  93. 

Chloric  Eih^.'^We  have  already  seen  some  indicatioiiB  of 
the  carbonaceouii  nucleus  of  chlorine,  in  the  vegetable  odours 
of  euchlorine,  of  the  peroxide,  and  of  sulphurane.  In  union 
with  carbon,  it  gives  rise  to  bodies  of  a  mild  aromatic  nature^ 
very  similar  in  their  aspect  to  the  products  of  organization^ 
though  the  quantity  of  carbon  compared  with  chlorine,  even 
in  that  which  contains  the  most,  is  less  than  a  half. 

When  chlorine  and  olefiant  gas  are  presented  to  each  other 
in  equal  volumes,  they  unite,  and  a  colourless  volatile  liquid, 
of  a  peculiar  sweetish  taste  and  ethereal  odour,  is  generated. 
It  may  be  distiUed  without  change.  It  evidently  consists  of 
a  particle  of  chlorine,  with  one  of  olefiant  gas  upon  each  pole. 
The  gases  are  mingled  in  equal  volumes,  and  there  is  no  re- 
siduum ;  hence,  as  the  particles  of  olefiant  gas  are  twice  as 
dense  as  those  of  chlorine,  they  must  unite  with  it  in  pairs. 
That  such  is  its  structure,  is  confi^med  by  the  fact,  that  all 
those  bodies,  such  as  sulphurane  and  phosphurane,  in  which 
both  poles  of  the  central  part  are  covered  by  particles  of 
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stmilar  form,  are  liquids.     Its  atomic  weight  is  69,  (M^  chlo- 
rine  4-  24^  olefiant  gas). 


•  'III- 


Chlorides  of  Carbon.-^Perchloride  of  Carbon,  (Faraday).— 
By  causing  chlmine  in  utdimited  quantity  to  act^'pon  obloric 
ether  in  the  sunbeam,  Mr  Fnfroday  derived  from  it,  another 
aubatance^  wbish  condensed  in  dendritic  crystatRne  apicuU  oa 
the  sides  of  the  reneL  It  consists  of  alternate  panicles  of 
chlorine  and .  cavboo,  and  is  therefore,  analogous  to  phos- 
pbonma.  It.has  been  nasied  Perchloridc  of  Carbon ;  but  if 
the  views  here  advanced  be  adopted,  the  discoverers  of  many 
diemical  substances  will  not  refuse  to  give  them  more  expres- 
sive  names. 

When  the  chlorine  is  supplied  in  abundance,  it  thus  distri- 
butes the  olefiant  gas  very  economically,  the  olefiant  particles 
in  every  particle  of  chloric  ether  being  able  to  engage  ^ve  of 
dilorine,  besides  its  own  nucleus,  two  as  muriatic  acid  and 
three  as  the  perchloride  of  carbon,  in  which  state  the  nucleus 
itself  is  left.  This  substance  is  a  friable  white  solid,  having 
the  appearance  of  sugar  when  scratched.  It  has  little  taste, 
but  its  odour  is  like  that  of  camphor.  It  is  not  readily  com- 
bustible, nor  easily  destroyed  by  the  action  of  the  stronger 
adds.  It  is  volatile,  subliming  like  camphor  towards  the 
fight  It  may  be  fused,  and  made  to  boil.  It  is  sparingly 
soluble  in  water,  but  readily  in  alcohol  and  ether,  and  its 
alcoholic  solution,  like  that  of  camphor,  is  decomposed  by 

water.     Its  atomic  weight  is  50,  (45'  chlorine  -f-  5*  carbon). 

Froiochloride  of  Carbon^  (Faraday). — By  subliming  the  for- 
mer substance  in  a  state  of  minute  division,  Mr  Faraday  suo- 
oeeded  in  parting  it  into  two,  one  of  which  was  pure  chlorine^ 
and  the  other  chlorine  charged  with  a  particle  of  carbon  on  each 
pole ;  it  is  therefore  analogpis  to  sulphurane  and  phosphurane, 
and,  like  these  bodies,  is  a  liquid.  It  retains  an  odour  of 
cuofhoTj  and,  like  the  other,  has  a  very  high  refractive  power. 
It  unites  readily  with  alcohol,  ether,  volatile  and  fixed  oils, 
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but  not  with  water.  Held  in  the  flame  of  a  sptrit-kmp  it 

burns  with  a  bright  yellow  flame,  giving  off  funtes  tif  nm- 
riatic  acid. 


The  Chloride  of  Carbon  J^rom  ^&o.— During  the  propeas'dT 
preparing  nitric  acid  from  crude  nitre  at  Abo  in  Finland^  Very 
small  quantities  are  formed  of  a  substance  found  in  soft'  'fA" 
hesive  fibres,  of  a  white  colour,  and  an  odour  somewhat  lesem- 
bling  spermaceti.  On  the  application  of  heat  it  fuses  and 
boils.  At  a  lower  temperature  it  sublimes,  condensing  in'  tbe 
form  of  long  needles.  Chemists  have  not  yet  succeeded  in 
fcnrming  it  otherwise,  but  its  analysb  shews  that  it  consists  of 
a  ternate  molecule  of  carbon  (Fig.  63)  united  to  a  particle  df 

chlorine.     Its  atomic  weight  is  therefore  60,  (45^  chlorine  + 

15^  carbon).  In  these  interesting  substances  the  relataon  of 
the  base  of  chlorine  to  the  organic  kingdom,  is  shewn  in  a 
very  satisfactory  manner. 

ChJoro^arbonic  Acid.-^By  exposure  to  the  sunbeam  in  equal 
volumes,  chlorine  and  carbonic  oxide  unite.  They  contract 
to  half  their  volume,  and  an  acid  gas  is  the  product.  Its 
structure  is  analogous  to  muriatic  and  phosphorana  acid.    Its 

atomic  weight  is  65,  (45^  chlorine,  ^^  carbonic  oxide).  Its 
elements  are  held  united  by  a  weak  afiinity. 


MANGANESE. 

Carbon,  when  existing  in  the  mineral  strata  uncombined 
with  oxygen  as  carbonic  acid,  constitutes  great  beds  of  plum- 
bago and  anthracite.  But  it  is  also  very  abundantly  distri- 
buted in  the  mineral  kingdom  in  septenate  molecules,  which 
may  possess  either  of  two  arrangements.  The  poles  of  tliis 
form  (Fig.  65)  are,  however,  eminently  conformable  to  oxy- 
gen ;  hence,  in  nature,  the  septenate  molecule  always  occurs  in 
union  with  oxygen.     The  oxygen  with  which  the  molecule  is 
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omled,  can  be  wholly  expelled  only  with  extreme  difficulty,  at 
by  «  continued  application  of  the  most  intense  heat  that  can 
be  raised,  and  the  presence  of  charcoal  to  carry  it  oiF  as  car- 
bonic acid.  In  this  way,  and  even  by  the  apjdication  of 
Are  without  charcoal,  the  carbonaceous  molecule  has  been  ob- 
tained in  a  pure  state.  It  is  known  by  the  name  of  Manga- 
nese, Its  lustre  is  probably  somewhat  higher  than  that  of 
coke  Both  are  equally  metallic.  Like  charcoal  it  is  ex- 
tremely infu«ble,  and  has  only  been  procured  in  a  few  small 
^obules.  The  weight  of  manganese  is  about  douUe  that  of 
the  diamond,  and  both  are  brittle. 

In  this  body  there  is  an  equatorial  and  polar  r^on  very 
perfectly  developed ;  hence  it  is  not  in  an  inactive  and  quiet* 
cent  state,  like  the  duodenate  molecule.  It  draws  down  the 
oxygen  from  the  air,  loses  its  lustre,  and  becomes  an  earthy 
fKaMe  body.  Its  affinity  for  oxygen  is  so  great  that  it  de- 
cotoposes  water  with  rapidity ;  the  hydrogen  disengaged  car- 
rying up  some  of  the  manganese,  and  acquiring  the  odour  of 
assafoetida,  which  is  a  hydro^carbonaceous  production  of  v^e- 
tatbn. 

Peroxide^  Black  Oxide  of  Manganese. — The  number  of 
forms  which  may  result  from  the  union  of  manganese  with 
oxygen  may  be  very  great.  That  which  possesses  the  ratio 
most  near  saturation,  at  a  natural  temperature,  appears  to 
be  when  a  particle  of  manganese  has  one  of  oxygen  on  each 
pole,  (Fig.  78).     The  atomic  weight  of  manganese  being  85 

(85^  carbon),  that  of  this,  the  most  natural  form  in  which 

it  occurs,  is  55  (35^  manganese  +  SO^  oxygen) ;  and  it  is 
met  with  in  nature  very  abundantly.  It  is  usually  asso- 
ciated with  silex,  alumina,  iron,  lime,  and  magnesia ;  but  it 
appears,  from  the  analysis  of  Professor  Turner,  that  the 
Pyrosulite  from  Elgersburg  consists  of  this  oxide  almost  in  a 
state  of  purity.  As  it  usually  occurs,  it  is  not  a  crystalline 
but  an  earthy  mineral,  having  a  very  carbonaceous  aspect, 
and  some  varieties,  like  plumbago,  have  a  greasy  touch,  and  a 
dark  streak.     This  oxide,  which  is  commonly  known  by  the 
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name  of  Manganeaet  is  very  useful  both  in  the  laboratory  of 
the  chemist,  and  in  the  arts.  It  is  found  in  such  abundance 
all  over  the  central  partaof  Europe  and  k^  EaglaDd)  that  it  is 
employedin  the  manufacture  of  f^ass^^asd  tn.bkaching.  When 
mkigied  in  cettun*  quantities  with  .impuj^t  gUtt>  in  a  state  of 
AWHi^  discolour«d  by  ^mbustible  iiiatter^«  it  ]pie|ds  oxygen  to 
the  combustible/  aiid  the  mass  becomes.  limpid^  If,  again, 
iC'be  nrixed  in  a  bugger  pn^Mmion^lhe' whole  aequires  an 
amethystine  tint/iriiidi  seems  to  be  that  pfoper^lo  this  oxide. 
To  it^  presence  in  fiict  the  amethyst  oiv^its  colour. 

Manganese  is  also  used  for  disengi^og  cblofinetfrom  sea- 
^\tj  of  which  it*4:onstitutes  more  than*  a  half.  Fcm*  diis  pur- 
pOBt'diUnied  dWcS  vitriol  is  poured/  wpon  «  >mix4ure  of  salt 
attd  'manganese^  atid  heat  applied.  The  vitriol  demands  the 
spda  of  the  salt,  and  forms  with  it  61auber^a«8alt4.v.The  mu- 
riatic add  set  free  might  unite  with  the  protoxide  of  manga- 
nete,  and  pure  oxygen  gas  be  evolved,  were  it  not  that  the 
vitriol  demands  the  protoxide  aiso^  .  Hence  for:  every  two 
particles  of  vitriol  that  are  engaged  (one  with  soda  and 
another  with  protoxide  of  manganese),  one  of  muriatic  acid 
and  one  of  oxygen  are  set  free.  The  oxygen  unites  with 
the  hydrogen  of  the  muriatic  acid,  water  is  generated,  and  the 
chlorine  escapes  in  the  gaseous  form. 

Green  Oxide. — If  vitriol  only  be  poured  upon  the  man? 
ganese,  and  heat  applied,  pretty  pure  oxygen  is  given  off;  for 
the  peroxide,  when  its  electric  energy  is  concentrated  towards 
one  pole,  by  its  entering  into  union  with  acids,  lets  go  the 
particle  of  oxygen  on  the  other,  and  thus  passes  to  the  state 
of  an  oxide,  containing  one  particle  of  oxygen  to  a  particle 
of  metal.  This  oxide  may  be  obtained  by  precipitation  from 
its  states  of  union,  by  exposing  any  other  oxide  mixed  with 
charcoal,  to  a  white  heat,  or  by  transmitting  a  current  of  hy- 
drogen gas  over  it,  when  it  is  hot.     Its  atomic  weight  is  45 

(86*  manganese,  10^  oxygen).  It  possesses  a  green  colour,  and 
is  either  permanent  in  the  air,  or  rapidly  unites  with  oxygen, 
according  to  the  state  of  separation  of  its  parts.     They  may 
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Bnieatif  imiie  among  thcmselveB  into  molecules,  a  convex 
polaofi/OBe  oceojpymg  aconcave  pole  of  anoCher ;  and  thusi 
wben.tbey  coMdlute  asee  among  tbemoelvcs,  of  ocmsiderafak 
lengdi,  tbmraflbttljf^  for  oxygen  must  be  very  uicoBsideraU& 
ij^tagiio,  thef^  exist  individuallyy  an  additioo  to  the  axis^ 
irinoii IS' very. shorty. companNl  with. the  equatorial  diameter^ 
aDd-a  symmetrical  form,  may  be  speedily  expected  by  the 
incidimoeirf  oxyyfen  from  the  air,  an-  efibct  which,  in  both 
eiaBfl^  must  q>eedily  be  effwted^  when  the  molecules  ale 
separated  by  heat,  and  both  assimilated  in-  timr  eooditioii. 
In-acorardance  with  these  views,  we  find  that  Forchhammer 
and  Aifwerdson  prepared  this  oxide  of  sudi  a  quality,  that 
it  took  fire  when  heated,  and,  at  an  ordinary  temperature,  at» 
traoted  oxygen  from  the  air ;  while  Profisasor  Turner  prepared 
€nm  which  had  been  in  a  molecular  state,  for  it  underwent 
no>change  for  many  days. 

Brown  Oxicfe^r-^If,  instead  of  oil  of  vitrid,  heat  only  had 
been  applied  to  the  black  oxide,  oxygen  in  like  manner  had 
been  disengaged,  and  in  such  proportion,  as  to  indicate  that 
e^ery  other  particle  of  oxide  had  given  ofi^  one  of  oxygen. 
After  thus  laying  bare  a  pole,  conformable  to  the  pole  of  a 
particle  charged  with  two  of  oxygen,  one  particle  of  peroxide^ 
and  one  of  protoxide,  unite  into  one  molecule ;  which  is  no 
longer  decomposed  by  the  heat,  and  the  whole  mass  he- 
oomes  an  oxide,  composed  of  two  particles  of  manganese,  and 
three  of  oxygen.  In  submitung  to  this  change,  the  sdid 
body  ought  to  lose  i^th  pcu-t  of  its  weight,  for  the  weight  of 
two  particles  of  black  oxide,  is  110,  and  that  of  the  resulting 
united  oxide  100.  But  the  weight  of  the  vital  air  obtained, 
ought  to  amount  to  ^^th  of  the  original  manganese  used  in 
consequence  of  the  accession  of  weight,  which  oxygen  receives 
on  entering  the  gaseous  state.  It  is  said  that  the  weight  of 
the  oxygen  obtained  is  rather  more  than  ,^th,  which  may  arise 
from  the  existence  of  some  oxide  containing  a  larger  quantity 
of  oxygen,  or  some  irregularity  in  the  experiment. 
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This  oxide,  whose  weight  is  100,  occurs  in  natare  in  con> 
siderable  abundance.  It  is  met  with  in  prismatic  and  adcu- 
lar  crystals  of  a  steel-grey  odour ;  it  is  also  abundant  in  the 
earthy  state.  As  in  other  cases,  the  masses  often  contain 
more  or  less  chlorine,  which  di£Pers  from  manganese  in  aiicb 
a  way  that,  by  the  introduction  of  ten  atoms  ci  matter 
between  the  terminal  particles  of  carbon  and  the  quinate 
molecule,  which  forms  the  nucleus,  it  becomes  isamor{dious 
with  chlorine.  These  ten  cavities  are  perfect  models  for  ten 
atoms,  and  the  occasional  transition  of  manganese  into  chlorine 
oould  have  been  anticipated,  though  chlorine  and  marine 
acid  had  not  been  disengaged  from  the  native[manganese-ores 
and  water  during  the  process  of  purifying  them.  This  oxide 
occurs  in  nature,  both  anhydrous,  and  as  a  regular  hydrate. 
The  analysis  of  manganite,  by  Professor  Turner,  gives  89.9 
brown  oxide  of  manganese,  and  10.10  of  water.  The  parti- 
cle of  the  oxide  weighs  100,  which  is  to  89*9  as  12,  the  quan- 
tity of  water  proper  to  it  as  a  hydrate  is  to  10.78,  a  number 
not  much  above  Tufner^  or  10.10. 

Red  Oxide. — When  any  of  the  oxides  of  manganese  is  ex- 
posed in  the  open  air  to  a  white  heat,  it  changes  from  a  black, 
olive,  or  brown  colour  to  a  red,  and  differs  from  any  other 
oxide  in  the  percentage  of  oxygen  which  it  contains.  We 
have  already  seen  that  the  black  oxide  is,  by  the  first  degrees 
of  heat,  resolved  into  the  brown  or  deutoxide.  To  drive  off 
a  particle  of  oxygen  from  this,  and  thereby  to  resolve  every 
particle  of  deutoxide  into  two  of  the  protoxide  or  green  oxide, 
requires  very  urgent  applications.  We  may  therefore  ex- 
pect to  find  the  constitution  of  the  red  oxide  such  that  it 
contains  a  larger  quantity  of  oxygen  than  the  green.  It  has 
been  shewn  that,  in  the  generation  of  the  brown  from  the 
black  oxide,  by  the  agency  of  heat,  one  of  every  pair  of  con- 
tiguous particles  loses  a  particle  of  oxygen  ;  and  the  convex 
pole,  thus  laid  bare,  occupies  the  concave  pole  of  the  particle 
yet  charged  with  oxygen  on  both  poles  ;  the  two  particles,  in 
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of  the  difference  as  to  oxidatioo,  being  plaoed 
towards  each  other  in  the  relation  of  acid  and  alkali.  Now^. 
by  urging  the  heat  still  farther  than  that  which  devebpes  diis 
deutOBude^  there  results  a  form  composed  of  three  particles  of 
manganese  and  toat  of  oxygen.     It  is  a  particle  of  red  oxide. 

Its  atomic  weight  is  145  (105*  manganese  4-  40^  oxygen), 
and  its  oxygen  is  87. 4S  per  cent.  There  is  a  molecular  form, 
howeter,  which  giTes  28  per  cent.,  and  is  probably  of  more 
frequent  occurrence  in  nature.  It  consists  of  five  particles  of 
brown  oxide,  arranged  around  one  of  manganese,  according  to 

the  number  of  its  edges.     Its  atomic  weight  is  586  (885^'* 

manganese  +  150*^  oxygen).  It  might  be  inferred,  ftom 
the  analytds  of  Hausmanuite  by  Dr  Turner,  that  this  mineral 
is  a  hydrate  of  this  molecule.  The  oxygen  is  a  little  more 
in  quantity  than  in  the  red  oxide ;  and  the  water  is  in  such 
quantity  as  to  amount  to  11.73  on  one  molecule.  The  red 
oxide  of  manganese,  then,  generated  in  the  fire,  is  exactly 
analogous  in  its  structure  to  pyragynic  acid,  developed  in  a 
rimilar  way,  and  both  are  ultimately  composed  of  carbon  and 
oxygen. 

Manganesic  Acid, — These  four  oxides  do  not,  however, 
exhaust  the  combinations  of  oxygen  and  manganese,  which 
are  not  less  numerous  than  those  of  carbon  and  oxygen.  One 
may  be  conceived,  in  which  five  particles  of  manganese  are 
arranged  round  one  of  oxygen.  Its  atomic  weight  would 
be  185,  and  its  oxygen  5.7  on  100.  Another  has  been  pro- 
duced by  Dr  John,  by  exposing  metallic  manganese  to  the 
slow  decomposition  of  water.  It  consists  of  two  particles  of 
manganese,  united  by  one  of  oxygen.  Its  atomic  weight  is 
80,  and  its  oxygen  is  14.3  on  100  of  base.  Besides  these, 
there  must  certainly  be  one  composed  of  two  of  oxygen  and 
three  of  manganese,  whose  atomic  weight  is  125,  and  its  oxy- 
gen 19  to  100  of  base.  These  oxides,  however,  cannot  be 
possessed  of  very  specific  characters  or  much  interest. 

But  there  are  also  compounds,  in  which  the  oxygen  has  a 
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quinate  arrangement,  one  of  which  is  possessed  of  great  inte- 
rest It  is  named  Manganese  Acid.  Its  structure  is  similar 
to  that  of  chloric  and  nitric  acids.  Like  them  it  is  developed 
through  4he  agency  of  jx>tash.  By  mixing  with  a  salt  of  pot- 
ash a  quantity  of  the  black  oxide  of  manganese,  and  expotiiig 
to  heat,  a  green  cdoured  mass  is  formed,  whidi,  on  solutiooan 
wftter,  gives  rise  to  a  suite  of  colours  from  green  to  red,  pass- 
ing through  blue  and  purple.  It  has  been  named  the  Mine- 
ral  Camekon,  and  reminds  us  of  those  changes  to  which  nitric 
add  submits  during  its  decomposition.  Here,  however,  a 
quinate  acid  is  in  the  course  of  being  developed  ;  and  when 
the  oxide  of  manganese  has  precipitated,  a  manganesiate  of 
potash  is  found  in  solution,  which  may  be  crystallized  Into 
small  prisms  of  a  purple  colour.  These  crystals  have  a  struc- 
ture analogous  to  the  anhydrous  sulphates,  as  will  be  after- 
wards explained.  It  may  be  only  stated  here,  that,  in  one 
pole  of  the  potash,  there  is  a  particle  of  manganese  charged 
with  five  of  oxygen,  and  the  salt  resembles  on  that  aspect 
nitre  and  chlorate  of  potash.  Like  these  salts,  it  deflagrates 
in  a  remarkable  manner.  But  its  relation  to  the  diamond  is 
indicated  by  its  adamantine  lustre,  and  to  the  vegetable  king- 
dom, by  its  possessing  the  flavour  of  walnuts.  By  distilling  the 
manganetnate  of  potash  with  anhydrous  sulphuric  acid,  M. 
Unverdorben  has  disengaged  the  manganesic  acid  as  a  red 
transparent  gas.  It  will  be  afterwards  shewn  that  there  is  a 
particle  of  manganese  on  each  pole  of  the  potash,  and  Ave 
particles  of  oxygen  on  one  of  them  ;  hence  the  atomic  weight 

of  manganesic  acid  is  120  (70*  manganese  +  50^  oxygen). 
The  analysis  of  Unverdorben  gives  58.74  manganese  to  41  .S6 
oxygen,  the  ratio  here  stated,  being  58.74  to  41.9.  There 
can  be  little  doubt  but  the  particle  of  manganese  on  the  op- 
posite pole  of  the  potash  to  that  which  contains  the  acidous 
body  wiD  be  subject  to  the  incidence  of  a  particle  of  oxygen. 
From  this  another  acid  will  result,  whose  atomic  weight  is 

130  (70*  manganese  +  60^  oxygen),  and  this  corresponds 
to  the  manganous  acid  of  Forchhammcr.  There  may  again 
be  a  form  analogous  to  the  perchloric  acid,  in  which  there 
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are  seven  particles  of  oxygen  to  two  of  manganese:  The  mosl 
notable  compounds  of  manganese  and  oxygen^  then,  may  be 
thus  expressed :— 


UMagmooM  add  (Fordiiiaawier), 
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Suboxide  (fir  John) 

Salts  ^Manganese. 

Th£  oxides  of  manganese,  like  those  of  analogous  bodies^ 
unite  with  acids,  and  stony  or  saline  substances  are  Ibrmed. 
Those  which  are  best  defined  seem  to  be  compounds  of  the 
simplest  or  green  oxide,  with  an  add.  Few  only  of  them 
crystallize,  and  they  are  distinguished  by  a  red  colour.  It  is^ 
indeed,  very  singular  to  observe  that,  in  manipulating  with 
solutions  of  manganese,  the  same  colours  are  obtained  by  the 
affusion  of  an  acid  or  an  alkali,  as  if  they  were  vegetable  in- 
fusions. 


Sidphaie  or  Viiriolate  of  Manganese. — It  has  been  already 
stated  that  vitriol  attacks  the  green  oxide  of  manganese.  The 
result  of  their  union  is  a  violet-red  salt,  which  crystallizes  in 
Very  flat  rhombic  prisms.  It  is  not  poisonous,  but  may  be 
6ven  substituted  for  Glauber'^s  salt  as  a  purgative.  It  is  stated 
to  consist  of  one  particle  of  oil  of  vitriol,  charged  with  four  oi 
water  (that  is,  one  on  the  naked  jx>le,  and  three  in  the  inter- 
vals of  the  equator  of  the  particle  of  water  implied  in  the 
constitution  of  the  acid),  united  to  one  of  protoxide  of  manga- 
nese, and  that,  in  a  state  of  solution,  they  are  united  particle 
to  particle  there  can  be  no  doubt ;  but  the  nucleus  of  a  crys- 
talUzing  molecule  is  probably  a  particle  of  acid ;  so  that  the 
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ratio  of  add  in  the  crystals  may  be  somewhat  greater  than 
that  of  50  to  46,  as  is  generally  stated ;  and  this  has  been 
found  by  Forchhammer.  It  is  evident  that  the  water  cannot 
be  expelled  without  altering  the  nature  of  the  salt,  and  giv- 
ing  rise  to  an  anhydrous  sulphate;  and  so  different  in  their 
natural  characters  are  the  salts  formed  by  oil  of  vitrid  and 
anhydrous  sulphuric  add,  that  it  will  be  convenient  to  deno- 
minate the  former  Vitriolatcs. 

Acetate  of  Manganese.-^lt  is  very  interesting  to  observe, 
that  manganese  forms  with  acetic  acid  a  beautiful  permanent 
salt.  When  speaking  of  acetic  acid,  it  was  mentioned  that  it 
generally  entered  into  union  with  bases  in  the  hydro-temate 
molecule.  Such  appears,  from  the  atomic  statement  of  Dr 
Thomson,  to  be  the  case  in  this  instance,  each  of  the  three 
bare  hydrogerent  poles  of  the  acid  being  surmounted  by  one 
of  water. 

PhospJuUe  qf  Manganese. — The  oxide  of  manganese  occurs 
in  nature  united  with  phosphoric  add  and  oxide  of  iron,  con- 
stituting a  very  rare  mineral.  An  insoluble  white  powder 
may  be  produced  in  the  laboratory  by  their  imion,  which 
consists  of  a  particle  of  phosphoric  acid  on  each  pole  of  the 
oxide,  and  some  water. 

Carbonate  of  Manganese  also  occurs  in  nature,  as  might 
be  expected.  The  carbonates  are  perhaps  scarcely  less  nume- 
rous than  the  oxides,  and  no  two  analyses  seem  to  agree  with 
each  other.  As  it  is  merely  a  white  powder,  very  easily  sub- 
ject to  decomposition,  and  as  it  is  assumed  in  this  work  that 
there  are  two  acids,  both  of  which  pass  under  the  name  of 
Carbonic,  we  need  scarcely  wonder  at  the  variety  of  results 
indicated  by  different  analyses. 

Manganese  also  occurs  in  nature  united  to  sulphur,  but 
the  state  of  an  oxide  is  most  congenial.  Its  relations  to 
chlorine  and  barytes  are  very  interesting,  but  none  arc  so  cu- 
rious as  the  phenomena  of  its  coloration. 
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SODIUM  AND  80DA. 

Whkk  treating  of  the  origin  of  nitrogeii  in  the  depChtof 
die  ooetn,  it  was  shewn  that  a  body  might  be  expected  there 
oomposed  of  a  partide  of  carbon  covered  hj  atoma  on  aD  ita 
faces  (Fig.  7.).  There  are  on  its  equatorial  aspects  five  m» 
entrant  edges,  conformable  to  hydrogen,  or  the  external  parts 
of  oxygen.  By  the  incidence  of  five  of  hydrogen,  it  becomes 
isamorphous  with  a  quinate  molecule  of  carbon,  out  of  which, 
in  the  mineral  kingdom,  arises  manganese  or  dilorine. 
central  part,  composed  of  a  solid  bipyramidal  dccaedron, 
a  triangular  pyramid  on  each  face,  is  a  particle  of  Sodium, 
Its  atomic  weight  is  15.  Like  other  forms  having  external 
taocB  of  a  re-entrant  character,  and  conformable  to  oxygen,  it 
is  parasitic,  and  does  not  occur  in  nature  in  a  pure  state. 
Nor  was  it  known  to  chemists  as  such,  until  Sir  U.  Davy,  re* 
Ceved  it  from  its  engagement  with  oxygen  in  the  voltaic 
focus,  and  exhibited  it,  at  the  negative  pole,  as  a  body  of  m 
bright  metallic  lustre,  like  mercury.  At  temperatures  under 
the  boiling  point  it  remains  solid  ;  but  it  is  easy  to  see  that 
only  a  small  quantity  can  be  contained  in  a  given  volume, 
and  that  it  must  be  much  lighter  than  the  diamond.  The 
only  way  in  which  it  can  arrange  itself  from  a  state  of  fusion, 
is  in  duodenate  molecules,  which  contain  a  large  cavity  in 
their  centre,  and  between  which  the  intervals  must  be  great. 
It  is  found  to  be  a  little  lighter  than  water, — a  circumstance 
that  seemed  very  anomalous,  when  the  usually  great  specific 
gravity  of  other  bodies  possessing  metallic  lustre  was  con- 
sidered. Sodium  is  a  very  abundant  production  of  nature. 
To  its  presence  the  sea  owes  its  saltness ;  and  it  is  met  with 
in  union  with  chlorine,  forming  immense  beds  in  the  mineral 
strata.  It  also  enters  as  a  constituent  into  many  minerals, 
and  is  extracted,  for  the  purposes  of  the  arts,  from  the  ashes 
of  sea-weeds  and  plants  which  grow   upon  the  sea-shmv. 
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Soda  seems  capable  of  performing  the  functions  of  potasli  in 
their  economy ;  and  while  they  grow  in  a  region  which  sup- 
plies it  in  abundance,  the  mineral,  instead  of  the  vegetable, 
alkali  is  found  in  th«r  tissue.  The  impatience  of  sodium  in 
the  insulated  state  is  so  great,  that  it  is  with  difficulty  pre- 
served in  it;  and  either  on  exposing  it  to  air  or  water,  it 
unites  with  oxygen;  Two  particles  pl|M»  themselves  on  <^ 
porite  faces  of  the  equator,  the  poles  of  the  oxygen  remaining 
exposed  in  the  centre  (Fig.  79.). 

The  atomic  weight  of  sodium  being  15,  that  of  this  sub- 
stance, which  is  dry  soda,  is  40  (80*  sodium  -f  1(H  oxygen), 
as  agreed  on  by  chemists.  In  this  state  soda  was  never  ex- 
amined, till  it  had  been  reduced  as  a  calx  from  the  metallic 
state.  Its  affinity  for  water  is  so  great,  that  caustic  soda,  as 
{nx)duced  by  other  methods,  is  always  a  hydrate.  The  dry 
alkali  is  a  grey  substance,  of  a  vitreous  fracture,  requirmg  a 
strong  heat  for  its  fusion.  On  the  admission  of  water  a  vio- 
lent action  commences,  the  soda  becomes  white,  more  crys. 
talline  in  its  aspect,  and  more  fuable  and  volatile.  When 
reduced  to  this  state,  it  attracts  fixed  air  and  moisture  from 
the  air,  becoines  damp,  then  dries  again,  and  falls  into  pow- 
der. 

Soda  is  a  very  caustic  and  corrosive  substance,  changing 
vegetable  blues  to  green,  and  yellows  to  brown.  It  also 
unites  with  acids,  and  possesses  all  the  characters  of  an  alkali 
in  an  eminent  degree.  Though  not  in  a  caustic  state,  it  is 
extensively  used  in  the  arts  for  aiding  the  fusion  of  sand  in 
the  formation  of  glass,  and  for  uniting  with  fat  oils  in  the 
formation  of  soap. 


Sodic  Salts, 

Common  Salt, — The  most  interesting  compound  of  sodium 
is  that  which  it  forms  with  chlorine,  and  which  has  been  much 
esteemed  from  the  earliest  ages  as  a  valuable  addition  to  food. 
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Sodium  and  chlorine  gas  unite  with  the  devdopment  of  fire, 
and  the  substance  which  results  has.fdl  the  properties  of  puro 
sea-salt.  It  is  a  form  of  siogular  uymxn^txy^  and  there  is 
none  among  the  salts  analogous  to  it.  A  particle  of  chlorine 
has  one  of  sodium  on  each  pole,  attached  by  six  aogiea 
(Fig.  80.). 

The  ratio  of  chlorine  and  sodium  is  45'  chlorine  and  80* 
sodium.  When  introduced  into  water,  however,  there  it 
every  reason  to  believe  that  its  form  expands;  that  a  partiete 
of  water  is  resolved  into  the  usual  form  which  chlorine  tie* 
mands,  and  which  consists  of  a  particle  of  hydrogen  betwees 
one  of  chlorine  and  one  of  oxygen.  On  opponte  sides  of  this 
particle  of  oxygen  the  sodium  b  now  placed,  so  that  in  a 
state  of  scdution  sea-salt  is  a  muriate  of  soda*  When  ev»» 
ponted,  it  is  again  resolved  into  the  ehloride  or  chlonireteC 
sodium.  This  salt  crystallizes  in  a  form  wbich^  in  a  general 
view,  seems  to  be  a  cube.  On  observing  its  evidution  under 
the  microscope,  however,  it  appears  that  the  crystal,  during 
the  successive  periods  of  its  increment,  is  a  hexaedral  trigonal 
ioositetraedron,  with  either  saliant  or  re-entrant  faces  i  and 
the  return  into  this  form  is  also  beautifidly  shewn  during  ila 
solution,  as  we  are  informed  by  Professor  Mohs.  These 
crystals  decrepitate  in  the  fire,  and  sublime  unchanged.  This 
sublimation  is  sometimes  resorted  to  for  glazing  pottery.  Salt 
is  also  sublimed  in  volcanic  action. 

Glauber's  Salt — When  sodium  and  sulphur  are  heated  U>>- 
getber,  they  combine,  producing  fire  by  their  union,  and  a  sub* 
stance  is  formed,  which,  when  heated  in  the  open  air,  again 
takes  fire,  and  is  converted  into  a  sul|;rfiate  of  soda.  A  simi- 
lar substance  is  produced  by  the  action  of  oil  of  vitriol  upon 
sea-salt,  which  readily  crystallizes  from  its  solution.  Its  mole- 
cule probably  consists  of  two  particles  of  a  fully  hydrated 
vitrioUte,  united  by  a  particle  of  water,  into  whose  poles  the 
two  naked  poles  of  the  sulphur  are  inserted.  A  fully  hy- 
drated particle  of  soda  has  two  of  water,  A  fully  hydrated 
particle  of  vitriol,  one  pole  of  which  b  covered  by  a  base,  re* 
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quires  six  partidcs  cyf  water  tor  the  equator,  and  one  Hat  the 
naked  pole  of  the  sulphur;  so  that,  were  the  particles  of  Ut 
separate,  there  would  be  ten  particles  of  water  to'eadL*''  Bllt 
it  is  presumed  that,  to  produce  a  symmetrical  <^p|msltfaD  of 
parts,  twopartidesof  thesaltareunitedbyaocxninontetk^ 
of  water,  and  that,  theref<»re,  in  its  most  perfect  state^  OUMiM 
salt  condsts  of  SO  sulphuric  acid,  40  soda,  and  114  f^iqilVA. 
lent  to  91  particles)  of  water.  That  such  is  the  s(rbcMr«^cJf 
tibe  molecule,  may  be  almost  asserted^  from  the  agveemieatof 
Berselius,  Thomson,  and  Henry,  as  to  the  quantity  of  WvtAr 
present  in  fresh  6Iauber'*s  salt  Berselius  and  Heniy^state 
the  water  at  56  par  cent,  which  is  equivalent  to  I14i^  "^jkiB 
to  of  the  salt.  Thomson  finds  very  nearly  118.  This  iaft. 
on  exposure  to  the  atmoqibere,  effloresces,  and  becomes  earthy 
in  its  aqpect,  in  consequence  of  the  departure  of  its  water. 
An  anhydrous  sulphate  may  be  prepared  by  evaporating  die 
solution  of  Gkuber*s  salt  in  a  gentle  heat  Gkuber^  salt  oc- 
curs in  nature,  along  with  rodc-salt  and  epsom-sah,  in  die 
^waters  of  the  ocean,  and  that  of  certain  q>rings.  It -also 
sometimes  effloresces  upcm  the  scnl,  and  on  certain  rocks.  It 
has  a  very  bitter  taste,  but  is  not  pcnsonous,  and  is  used  in 
large  quantities  as  a  cathartic. 

Seleniies  ofSodtL-^The  selenious  acid,  or  selenic  add  of 
dder  authors,  unites  wjtli  soda  in  two  proportions.  The  one 
may  be  regarded  as  a  particle  of  soda  with  one  of  selenious 
arid  in  each  pole,  the  other  as  a  quatemate  molecule  of  sde- 
nious  acid  united  to  one  of  soda.  They  arc  interesting  only 
as  shewing  how  perfectly  the  analysis  of  Berzelius  is  expres* 
sive  of  the  atomic  weights.  According  to  him,  that  contain- 
ing the  largest  quantity  of  selenious  acid  consists  of  7S.5  sele- 
nious acid,  and  40  soda,  7S  being  two  particles  of  selenious 
acid. 

Soda^  JVairon.--— The  mineral  alkali,  when  it  obtains  the 
mmple  name  of  soda,  in  commerce,  is  always  united  with  more 
or  less  carbonic  acid.     Part  of  the  soda  of  commerce  is  ob- 
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tained  from  natron,  a  saline  eflloresoence,  producefl  in  many 
regions  of  the  world,  and  consisting  of  common  salt,  giauber 
salty  and  carbonate  of  soda.  The  remainder  is  obtained  by 
incinerating  sea-weed  and  mariiime  plants,  the  latter  conali- 
tuting  barilla,  the  former  kelp.  The  barilla  of  commerce 
being  developed  in  the  fire,  we  shoidd  expect  it  to  contain 
pyragynic  acid,  whose  weight  is  56 ;  and,  that  such  is  the 
case,  is  perhaps  rather  countenanced  by  the  fact,  that  the 
common  carbonates  of  soda  are  in  a  high  degree  nolublei  while 
the  true  carbonates,  into  which  fixed  air  only  enters,  are 
mostly  of  a  dry  stony  nature.  Now,  a  particle  of  pyragynic 
acid  is  evidently  deficient  in  ito  equatorial  region.  We  may 
suppose,  then,  that  two  particles  of  soda,  one  on  each  side,  at- 
tach themselves  around  it,  and  five  particles  al  water  od  each 
pole,  besides  more  around  the  equator.  Or,  if  we  rather  sup- 
pose that  the  soda  is  united  with  fixed  air,  which  is  the  legi* 
timate  carbonic  acid,  one  particle  in  each  pole,  as  is  the  case 
in  Umestone,  and  the  true  carbonates  generally,  then  a  smaller 
molecule  will  result.  lu  this  case,  the  quantity  of  acid  is  SO, 
in  the  former  it  is  27.5  to  40  of  soda.  Common  soda  (oaas 
fine  crystals,  highly  soluble,  and  containing  so  much  water 
that  the  application  of  heat  speedily  liquefies  them.  It  ren- 
ders vegetable  blues  green,  and  possesses  an  alkaline  taste,  as 
is  the  case  with  other  soluble  carbonates. 

T^rona.— A  variety  of  soda  is  found  in  considerable  quan- 
tities in  Africa,  which  possesses  so  much  of  a  stony  nature, 
that  it  is  said  to  be  fit  for  constructing  buildings.  It  cannot 
readily  be  made  to  crystallize,  but  analysis  indicates  that  it  is 
composed  of  three  particles  of  fixed  air,  with  a  hydrated  par- 
ticle of  soda.  It  is  also  prepared  artificially  for  making  soda 
water,  as  it  effervesces,  and  disengages  abundance  of  fixed  air, 
when  mingled  with  such  an  acid  as  the  tartaric. 

BicarboncUe  of  Soda. — Soda,  by  exposure  to  carbonic  add 
gas  in  excess,  may  be  made  to  unite  with  four  particles,  or 
two  molecules,  from  which  the  resultant  form  is  symmetrical. 

c  c 
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The  quantity  of  carbonic  add,  supposing  every  molecule  per- 
fect, is  60  to  40  of  soda.  By  the  application  of  heat,  it  de- 
generates first  into  the  tricarbonate,  or  sesquicarbonate,  and 
ultimately  into  a  true  carbonate. 

Phosphaie  g^iSbda.*— One  of  the  most  interesting  salts  of 
soda  is  the  Sal  mirabile  perlatum  of  the  older  chemists,  the 
Phosphate  of  Soda  of  the  modems.  It  is  readily  obtained  in 
&  variety  of  crystalline  forms.  It  dissolves  in  water,  and 
fuses  by  heat.  It  may  be  reduced  by  the  blowpipe  to  a 
pearly  polygonal  head,  carrying  oxides  and  earths  to  the  gla- 
cial state  along  with  it.  Its  ta^te  is  not  nauseous,  and  its  ac- 
tion on  the  animal  system  is  so  mild,  that  it  is  used  in  large 
dozes  as  a  cathartic. 

There  are  several  varieties.  One  is  a  very  soluble  salt,  of 
interesting  crystallographic  characters,  named  by  Dalton,  Qua- 
driphosphate  of  soda,  and  which  consists  of  one  molecule  of 
glacial  acid,  and  one  particle  of  soda;  but  the  most  perfect 
and  most  common  is  that  which  consists  of  a  fully  hydrated 
molecule  of  glacial  phosphoric  acid,  united  to  two  hydrated 
particles  of  soda.  It  contains  80  of  soda,  and  90  of  phos- 
phoric acid.  It  has  been  shewn,  that  one  quinate  hydro- 
molecule  of  phosphoric  acid  is  fully  hydrated  by  90  particles 
of  water,  while  the  two  of  soda  require  four.  In  the  phos- 
phate of  soda,  then,  if  fully  hydrated,  there  ought  to  be  24 
particles,  or  288  parts  of  water  to  170  of  dry  salt,  i.  e.  62.9 
per  cent,  of  water.  These  numbers  are  very  accurately  as- 
signed in  the  analyses  of  Berzelius  and  Mitscherlich.  The 
water  is  stated  by  Berzelius  to  be  62  per  cent ;  and  Thomson 
says,  that,  in  his  experiments  on  this  salt,  he  found  the  water 
rather  more  than  62  per  cent.,  though  probably  less  than  63, 
(Thomsons  System,  vol.  ii.  456).  By  forming  the  crystals 
in  an  uniform  temperature  of  about  90,  the  ten  particles  of 
water  on  the  polar  particles  of  acid  are  omitted,  and  every 
molecule  contains  14.  By  exposing  either  salt  to  heat  or  a 
sand-bath,  all  the  water  is  drawn  off,  except  that  which  is  es- 
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flendai  to  the  constitution  of  the  molecule  of  ghcud  phosptionc 


On  exposing  the  salt  to  a  red  heat,  as  has  been  abewn  by 
Mr  Clarke,  the  remaining  particle  of  watar  is  expelled ;  the 
whcde  structure  is  consequently  destrojed,  and  there  is  a  new 
substance  formed,  which  consists  of  the  acid  and  alkaKne 
elements,  in  their  most  symmetrical  position*  Tbis  is  perhaps 
when  two  particles  of  a  symmetrical  pboqihate  of  soda  are  ar« 
ranged  with  one  of  phosphoric  acid  for  a  nucleus.  The  new 
salt  thus  generated  is  less  soluble  in  water  than  the  other, 
and,  in  going  into  the  crystalline  state,  takes  only  fire  parti* 
des  of  water ;  four,  as  usual,  for  the  two  particles  of  soda,  and 
one  for  the  naked  pole  of  the  central  particle  of  phosphorie 
add*  In  this  salt  there  are  inYolved  two  partides  of  the 
phosphate  of  soda,  whose  structure  is  given  by  Thomson,  in 
his  First  Principles,  and  which  is  analogous  to  most  phos- 
phates. It  consists  of  two  hydrated  particles  of  phosphoric  add, 
one  on  each  pole  of  a  particle  of  soda,  which  seems  only  to 
have  one  particle  of  water,  and  to  be  sometimes  without  any. 
The  proportion  of  its  elements  are  therefore  86  acid,  40  soda, 
and  182  water. 

Those  assigned  by  Thomson  being 

Phosphoric  acid,        ....        36 

Soda, 40 

Water 136 

(Thommm'i  Firtt  Prin,  p.  272.) 

Borax.  TincaL — This  interesting  salt  of  soda  has  been 
known  in  Europe  for  many  ages,  and  is  very  useful  as  a  flux 
in  the  arts  of  soldering,  and  experiments  with  the  blowpipe. 
It  crystallizes  when  in  the  purified  state,  but  always  remains 
somewhat  unctuous  to  the  toucli.  When  heated,  it  intumesces, 
and  undergoes  a  change  analogous  to  the  phosphate  of  soda. 
The  quinate  hydro-molecule  is  destroyed,  and  there  remains 
a  partide  of  boracic  acid  in  each  pole  of  a  particle  of  soda. 
Like  other  weak  acids,  the  number  of  particles  of  soda  with 
which  boradc  acid  is  united  in  different  sorts  and  conditions 
of  borax,  is  very  great. 

cc« 
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The  natural  borax  analyied  by  Klaproth,  yidded  80  parU 
of  soda,  804  of  boraoc  add,  and  860  of  water.  Now  80,  S1& 
and  964s  a^  exactly  8  partidbi  of  sodat  we  of  the  quinate 
hydwMPolccule,  and  81  of  water.  When  this  salt  is  exposed 
to  heat,  the  moleoular  aod  is  destroyed.  Every  fifth  partide 
escapes  with  the  water,  and  there  remain  the  two  partides  of 
soda  engaged  with  the  four  of  acid,  one  in  each  pole.  In 
this  the  ratio  is  40  soda,  to  84  acid.  Now,  thci  mot^jm  of 
caldnftd  borax  by  Arfwerdaoo,  gives  40  sodat.  And  88.6  bo* 
racic  add^  that  of  Beigmann  and  Gmelin  bong  40  and  80; 
so  that  the  ratio  presumed  lies  between  them. 

But  the  most  highly  crystalline  variety,  whose  features  are 
described  in  Mobs'  Mineralogy,  omtained  no  less  than  8 
partides  of  soda  to  each  of  the  molecular  add,  with  88  or  80 
partides  of  water.   For,  neglecting  the  reduction  to  the  exact 

numbers,  it  is  evident  that  the  quantities  stated  by  the  formula 

.•     ••  ■ 

N  a  B'  +  10  A  q  per  cent,  are  very  nearly  the  numbers  equi. 
vaknt  to  these  quantities.  The  former  of  the  fcdlowing  num* 
bers  are  the  quantities  per  cent,  the  latter  are  the  true  atomic 
ratios. 

Soda,  319.7  320 « 8  ptrtidet  sodik 

Boradc  acid>    280.6  216  a  6  bonudc  acid. 

Water,    .       459.7  456  =  38   .     .     of  water. 


1000.  981  atomic  wei^t 

Arseniaies  of  Soda. — Arsenic  add,  in  molecules,  similar  in 
form  to  those  of  glacial  phosphoric  and  boracic  acid,  unites  with 
soda,  and  gives  rise  to  several  salts  and  crystalline  forms  ana- 
logous to  the  phosphates  and  borates  of  soda.  One  of  these, 
analyzed  by  an  eminent  chemist,  who  now  regards  the  analysis 
as  very  incorrect,  yielded  146  acid,  40  soda,  and  241.1  water, 
the  true  ratio  of  add  and  base  being  140  and  40 :  there  are 
besides  several  other  arseniates,  but  they  are  not  possessed  of 
so  much  interest.  If  we  include  the  particle  of  water  essen- 
tial to  the  structure  of  the  arsenic  acid,  and  which  will  gene- 
rally go  into  fusion  along  with  it,  -the  atomic  weight  of  the 
acid  becomes  16S,  and  the  proportions  of  add  and  base  are 
152  and  40. 


OF  SODIUM  AND  SODA.  405 

Acetate  of  Soda, — One  of  the  most  oommon  and  permaneiit 
acetates  is  that  of  soda.  It  is  prepared,  in  large  quantities, 
from  pyroligneous  add,  and  is  much  made  use  of  in  yielding 
a  concentrated  acetic  acid.  It  was  formerly  known  by  the 
name  of  Crystallized  Foliated  Earth.  It  consists  of  a  hydrated 
molecule  of  acepc  acid  in  which  the  three  naked  hydrogerent 
poles  are,  as  usual,  crowned  by  water,  with  one  of  soda.     It 

therefore  consists  of  66*  parts  of  acid,  and  40^  soda,  and 
72"  water.  The  circumstance  that  crystals  can  only  be  ob- 
tained when  there  is  an  excess  of  soda  in  the  solution,  seems 
to  hint  that  a  particle  of  soda  forms  the  nucleus  of  a  crystal- 
lising molecule.  If  so,  the  molecule  must  be  very  large ;  for 
Berzelius^  analyns  almost  exactly  agrees  with  the  structure  of 
a  single  particle. 

BcnaUns.  TnMnitio. 

Add,    .    64.48    .  .    M 

Soda,    .40.        .  .    40 

Water,     70.07    .  .    7a 

Hard  Soap, — By  referring  to  the  description,  which  was  sup- 
posed to  represent  the  base  of  the  fat  oils,  it  will  be  perceived 
how  conformable  it  is  to  soda.  The  carbon  in  the  centre  of 
the  former  is  conformable  to  the  oxygen  of  the  latter ;  and 
the  carbons  around  it,  both  in  the  position  of  their  edges,  and 
in  the  inclinations  of  the  planes  of  their  equators  to  the  axis, 
are  also  conformable.  These  oils  pass  into  the  state  of  acids, 
or  perform  the  functions  of  acids,  by  uniting  with  the  alkalies 
which  possess  forms  analogous  to  that  of  soda,  and  the  com- 
pound is  that  very  valuable  detergent,  named  Soap.  Soaps 
formed  with  soda  are  generally  of  a  hard  consistence,  and  seem 
to  be  symmetrical  forms,  constituted  by  a  particle  of  so()a  in 
the  centre  between  two  of  the  oily  acids.  On  a  particle  of  the 
best  soap,  however,  there  are  probably  22  particles  of  water. 
Such  an  arrangement  would  be  the  reverse  of  that  of  starch, 
in  which  the  water  was  protected  in  the  centre  by  quinata 
forms,  and  solution  thereby  prevented.  In  the  present  case, 
the  quinate  pinguious  form  is  in  the  centre,  and  the  water 
around ;  so  that  it  becomes,  in  the  first  instance,  soluble  in 
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•qiieous  nMutnia,  and  man  intimately  in  pinguioiii 
ttEOL    Soapi  are  incapable  of  crjetalliimg,  agreeing  in  thb 
VBtpeet  witli  ataidi,  and  other  meroigaiuc  bodies. 


POTAfiStUM  AND  POTAABA. 

The  vmnt  of  potash  has  been  alrtedy  oAw  mentienitf  kl 
pieoeding  pages.  Tbeie  is  not  m  more  interesting  substawee 
in  the  whole  chenncal  aeries^  The  maSmiy  of  its  natuve-ta 
aoda  is  so  great»  that  it  oihen  requires  the  aid  of  <heQiieal 
teats  to  dtstnigaiflfa  them.  It  is^  however,  in  everj  respeet»« 
liaofe  powerfU  body ,  and  the  researches  of  chemiflts  dMW  thai 
its  atomic  weight  is  60,  and  not  40.  Potassium  consisis'of 
ten  atoms  of  matter  arranged  so  that  none  of  their  faces  are 
covered,  (Fig.  7).  It  is  is8tmor|Aons  with  sodium ;  but,  in- 
stead of  a  particle  of  carbon  for  a  nucleus,  there  is  merely  a 
cavity  of  this  form.  A  body  of  such  a  structure  is  quite 
permanent  Its  symmetry  is  very  great;  all  the  paitiieles  co- 
here by  three  angles,  and  no  faces  are  opposed  to  each  other^ 
so  as  to  occasion  expannon.  In  the  instance  of  pbosphcmis, 
we  have  already  seen  two  atoms  of  matter  sustained  in  union 
by  their  angles  only ;  by-and-Jby  w^  shall  find  that  the  most 
universally  distributed  substances  in  the  mineral  strata,  are, 
like  potassium,  hollow. 

Ftotassium  was  first  obtained  from  the  vegetable  alkali  by 
Sir  H.  Davy,  and  in  its  general  appearance  it  very  much  re- 
sembles sodium.  Its  specific  gravity,  however,  is,  as  we 
rfiould  infer,  somewhat  less.  Were  it  wholly  distributed  in 
duodenate  mdecules,  the  intervals  of  which  were  equal  to  those 
of  sodium,  its  specific  gravity  ought  to  be  one-third  less. 
P^aps,  were  the  q>ecific  gravity  of  potassium  and  sodium 
taken  when  both  were  in  the  fluid  state,  and  at  a  temperature 
which  was  proportionally  removed  from  the  heat  at  which 
they  become  soliil  and  aeriform  respectively,  it  would  be  found 
that  potasuum  weighs  exactly  two-thirds  of  sodium     A  strag- 
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gling  unattsched  particle,  hovrever,  difftiied  here  and  ibere 
through  the  mass,  must  render  it  far  lighter  than  it  oug^ 
otherwise  to  be.  The  specific  gravity  of  sodium  was  staled  nt 
*9848  by  its  immortal  discxyverer ;  and  that  of  potasdum,  po». 
sessing  a  similar  structure,  ought  to  be  *6C8.  Now,  from  Ui 
eady  experiments.  Sir  H.  Davy  deduced  the  8peci£»  gravity 
of  potassium  to  be  *6.  MM.  Gray-Lussac  and  Thenard  found 
it '866,  but  it  was  pressed  into  a  glass-tube.  They  alio  fimnd 
•odium  heavier  than  Davy'^s  estimate,  but  not  in  the  same  pn^ 
portion.  When  we  consider,  however,  that  the  addition  of 
'0007  of  its  weight  in  hydrogen  and  ammonium,  changes  the 
specific  gravity  of  mercury  from  18*66  to  less  than  8,  it  will 
readily  be  granted  that,  in  experiments  on  specific  graidty,  the 
utmost  care  must  be  exercised.  That  some  such  molecular 
arrai^ement  is  the  cause  of  the  uncommon  lightness  of  then 
metals,  appears  from  this,  that,  when  they  are  reduced  to  the 
state  of  calces,  in  which  this  arrangement  is  destroyed,  their 
specific  gravity  possesses  nothing  remarkable,  but  is  similar  lo 
that  of  nmiUr  bodies  formed  of  oxygen  and  common  metals^ 

Potassium,  at  the  temperature  of  freezing  water,  is  hard 
and  brittle,  which  indicates  that  it  has  assumed  the  crystal- 
line arrangement  more  perfectly  than  sodium,  for  at  the  same 
temperature  sodium  is  somewhat  soft  and  malleable.  Potas-> 
sium  enters  upon  this  state  about  60°  Fahr.,  and  melts  at  186°, 
while  sodium  requires  a  temperature  of  200°  to  efiect  the 
same.  It  assumes  the  aeriform  state  at  a  temperature  a  little 
below  redness,  while  sodium  requires  a  full  red  heat.  This 
greater  activity  of  potassium  arises  from  its  greater  lightness 
and  quantity  of  repulsive  fluid,  having  a  third  part  less  mat- 
ter, and  ten  faces  more,  than  sodium. 

Fotasuum  has  an  affinity  for  oxygen  still  more  intense 
than  sodium.  When  a  small  bit  is  thrown  upon  water,  it 
bums  with  a  white  and  violet  flame,  and  moves  on  the  sur- 
face with  great  rapidity,  disengaging  hydrogen  gas  until  it 
has  completely  disappeared.  On  examining  the  water,  it  is 
found  to  change  vegetable  blues  to  green,  and  to  contain  the 
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jpM^JegttaM^alkaH.'    Ont^  «  pMde  of  osy. 

jjjte'tfaere'«%  fi^ecdgdi^  coirfiinnabie  to  thefMrtlnticodgM 
df  thd' etf|QStor  of  pdteaiMiin;  iiid' dKMi|^  Ovt>ioOi:a|qnhie 
tfltefMBMd  tbie^natulhd  chmrge  iii  the  etmdtmdivm^  «kifii 
ikm'Mk  ha&pait  fimfr,  the  natural  dmrgjB  ofTpolaniauiB 
>ldieii  idl  the  Ave  ere  covenri,  froto  whioh  KsaltftJ^ibeKitiliil 
Jittd^^iNiwerfblqaiilKtefonti;^   (FigiSl.)*    ^      i*       irtim  ^ 

'  Iti  iOdmic  weight  i^  00 '(50^  j^MaMiiiita>10^kn^^^^ 
diemfetal ancl  cn!ygeD  1u«  In  the  t«ib  tMlty  fixedtM  ftota 
nls  ex^Mntbents  hjf  the  uhntriods  dtBOoverer^  rincse  oonfiMMd 
b^  the  experiments  of  Beradiiu,  Gey-Luisic,  atid  'theaM. 
'^'  As  n^g^t  be  expected,  the  oxygen  ie  here  fiillj  dukfged ; 
ilti  it- 18  leniaiked,  that,  when  potaarinm  hums  in  tfae^dpen 
ifr,  or'Vital  uf,  it  does  not  become  potassa,  hot  tti  etM^ 
toloiind  substance,  which  gives  out  oxygen,  and  is  rasolvcd 
lUto  pdtassa  when  mingled  with  water. 
''Sodium  exhiUts  simihr  phenomena.  It  is  pralhable  that 
th<(  dumber  of  oxides  is  very  great;  but  so  intense  is  thede- 
teMiinistion  towards  die  natural  alltali  in  both  cases,  that  it 
'dbes  not  appear  in  what  way  other  oxides,  in  pure  and  hono- 
genedus  masses,  could  be  generated,  unless  we  possessed  oxy- 
gen in  a  concrete  form.  There  can  be  little  doubt  that  the 
oxide  of  sodium,  generated  by  heating  sodium  in  plate-glass, 
or  along  with  soda,  is  similar  in  form  to  potassa,  as  it  is  in 
appearance.  But  the  oxides  which  occur  in  nature  are  pos- 
sessed of  most  interest. 

Potassa  prepared  without  the  access  of  water,  is  a  grey 
body,  with  a  vitreous  fracture ;  but  as  it  is  prepared  for  the 
purposes  of  chemistry,  it  is  a  white  brittle  solid,  of  such  acrid 
and  corrosive  properties,  that  it  destroys  the  living  fibre,  when 
applied  to  it,  almost  instantaneously.  One  particle  of  potassa 
possesses  no  fewer  than  200  facets. 

As  the  affinity  of  potassium  for  oxygen  is  more  powerful 
than  that  of  sodium,  it  may  be  used  to  relieve  the  latter  from 
its  state  of  union.  But  it  is  evident  that  50  parts  of  potas- 
sium will  be  required  to  disengage  30  of  sodium,  for  these 
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are  the  quantities  that  severally  surrouiid  one  particle  of 
oKjgen.  Now,  Sir  H.  Davy  found  that  50  parts  of  pocassiuni 
itere  required  to  develope  29*49  of  sodium,  which  is  as  near- 
ly Ihe  ratio  stated  as  could  be  expected.  When  the  two  me- 
tals are  alloyed  together,  the  compound,  in  most  cases,  re- 
mains fluid ;  at  common  temperatures  they  unite  in  all  pn^ 
portions ;  and  the  alloy,  when  scJid,  is  brittle,  even  though 
but  a  little  potassium  be  included.  In  most  cases,  however, 
it  is  fluid,  as  was  found  to  be  the  case  with  the  two  isamor* 
pbous,  but  dissimilar  bodies,  sulphur  and  phosphorus,  when 
mingled  together. 

The  affinity  of  potassa  for  water  is  so  strong,  that  it  always 
exists  in  the  laboratory  as  a  hydrate,  and  no  heat  that  does 
not  decompose  the  potassa  can  set  the  water  free.  The  water 
which  it  refuses  to  give  up,  is  one  particle  for  every  one  of 
potassa ;  and  a  symmetrical  molecule  of  the  hydrate  would 
consist  of  a  senate  molecule  of  water,  with  six  of  potash 
around  it, — a  form  somewhat  resembling  a  flake  of  snow  in 
the  distribution  of  its  parts,  and  which,  were  it  capable  of 
giving  rise  to  crystalline  forms,  would  develope  a  hexagonal 
plate.  This  is  the  structure  of  the  true  hydrates,  but  in  a 
form  so  far  from  a  state  of  natural  equilibrium  as  caustic  pot- 
ash,  perhaps  it  cannot  be  expected. 

The  great  affinity  of  potassium  for  oxygen  disables  us 
from  ascertaining  whether  it  ever  occurs  in  nature  in  the  me- 
tallic state.  But  in  some  states  of  combination,  and,  no  doubt, 
in  the  vegetable  tissue  in  some  period  of  its  development  in  a 
free  state,  potassa  is  a  most  abundant  production  of  nature. 
It  enters  into  the  constitution  of  all  plants.  It  occura  in  the 
waters  of  the  ocean.  It  enters  into  the  compositions  of  many 
crystalline  minerals;  and  mica  and  felspar,  two  rocks  of 
which  a  great  part  of  the  crust  of  the  earth  is  composed,  con- 
tain from  10  to  15  per  cent,  of  potassa.  The  metal  can  only 
be  preserved  from  the  access  of  oxygen  in  naphtha,  a  liquid 
which,  as  has  been  shewn,  neither  contains  oxygen  nor  matter 
in  an  arrangement  that  could  be  easily  resolved  into  it. 
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Poiankim  end  HydrogefU'^Vfhen  potassium  decompoaes 
water,  it  appears  that  the  volume  of  hydrogen  disengaged  is 
somewhat  smaller  than  it  ought  to  be,  did  every  particle  of 
water  resolve  itself  into  one  of  oxygen  and  one  of  hydrogen, 
and  all  the  latter  escape  in  the  gaseous  form.  This  is  indeed 
moce  than  could  be  expected,  where  it  is  nascent  in  such 
quantities  and  in  such  contiguity^  But  beades  that  the  par- 
otides of  hydrogen  set  free  may,  in  some  instances,  unite  and 
rq;enerate  water,  which  is  only  the  liquid  state  of  hydrogen, 
the  ascending  gas  carrieB  up  potasaum  along  with  it ;  nor  is 
a  particle  of  hydrogen  more  heavily  laden  by  one  of  potaa« 
num  than  by  two  of  carbon,  in  olefiant  gas.  There  seem  to 
be  two  compounds  of  potassium  and  hydrogen  analogous  to 
carburetted  hydrogen  and  olefiant  gas,  the  latter  of  which  is 
inflammable  in  the  air,  and  would  probably  generate  by  its 
combustion  the  pure  peroxide  of  potassium.  There  is  also  a 
aoUd  compound  of  potassium  and  hydrogen. 

Potcusic  Sails. 

Potassa/thCy  Chloride  of  Potcissium.-— In  that  interesting  sub- 
stance chlorine,  potassium  bums  much  more  vividly  than  in 
oxygen  gas,  and  a  salt  is  obtained  similar  to  the  dry  muriate 
in  its  properties.  It  has  been  long  known  under  the  names  of 
Febrifuge  Salt  of  Sylvius,  and  Regenerated  Sea-salt. 

It  differs  remarkably  in  its  form  from  common  salt;  its 
crystalline  structure  is  also  dissimilar,  nor  is  it  ever  applied 
to  the  same  purposes.  On  the  pole  of  chlorine  there  are  five 
regions,  as  conformable  and  suitable  for  the  reception  of  five 
of  potassium  as  those  around  oxygen.  Were  potassium  not 
so  large  a  body,  we  should  have  two  well-defined  chlorides, 
in  which  there  should  be  five  on  each  pole  of  chlorine ;  and, 
perhaps,  by  mixing  the  chloride  with  potassium,  such  a  body 
might  be  generated.     The  atomic  weight  of  the  chloride  is 

95  (45^  chlorine  50^  potassium),  as  has  been  ascertained  by 
analysis;  that  of  Gay-Lussac  differs  from  this  constitution 
only  by  .09  of  a  deficiency  in  the  chlorine. 
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When  this  salt  b  mingled  with  water,  there  cao  be  little 
doubt  but  the  particles  of  potaaaium  abaodoo  their  poaitkio 

00  the  chlorine,  and  surround  the  oxygerent  pole  of  a  partiole 
of  resolved  water,  constituting  a  muriate  of  potash,  aa  in  tho 
eaaeof  soda. 

Niire.'^Tbe  highly  quinate  form  of  potash  randen  il 
emineDtly  serviceable  in  developing  quinate  adds,  and  to  itn 
agency  the  chemist  owes  his  possession  of  the  nitric^  cbkNM^ 
■umganesic,  and  tartaric  adds.  The  generation  of  nitric  acM 
in  union  with  lime  and  potash,  on  surfaces  contiguous  to  the 
atmosphere,  has  long  excited  the  interest  of  chemists.  Next 
to  potash,  as  will  be  afterwards  shewn,  lime  is  the  most  higlv* 
ly  quinate  form  among  alkaline  or  earthy  bodies ;  and  there- 
foro,  next  to  the  vegetable  alkali,  is  most  favourable  for  the 
incidence  of  nitric  acid.  When  there  is  a  concave  pole,  auch 
as  that  of  potash  or  lime,  surrounded  by  five  parts,  having  a 
demand  for  nitric  add,  it  is  di£Bcult  to  see  how  its  generation 
could  be  prevented  otherwise  than  by  sustaining  a  very  strong 
repulsion  between  oxygen  and  nitrogen,  against  the  existence 
of  which  we  have  evidence.  Both  are  naturally  gaseous; 
and  in  the  atmosphere,  the  oxygen  is  thinly  distributed, 
compared  with  the  nitrogen,  and  in  binate  molecules,  out 
of  which  to  educe  the  number  five,  would  require  the  simul* 
taneous  formation  of  more  than  one  partide  of  nitric  acid. 
Beddes,  nitric  acid,  in  a  free  state,  is  decomposed  by  the  sun-* 
beam.  It  is  not  to  be  wondered  at,  then,  that  it  is  not  gen^ 
rated  in  the  ordinary  states  of  the  air,  which,  as  it  exists,  ia 
in  a  state  of  electrical  repose.    As  to  the  other  nitrous  bodies, 

1  have  presumed  that  they  are  compounds  of  oxygen  and 
nitrogen  in  angle  particles,  and  if  so,  the  atmosphere  runs  no 
hazard  of  being  resolved  into  any  of  them. 

But  that  nitric  add  should  be  formed  out  of  these  elements 
by  the  incubation  of  such  bodies  as  potash  or  lime,  is  only  to 
be  expected.  The  contiguous  aerial  particles  bdng  dissimi- 
lar, are  not  repelled  from  these  bases,  but  are  immediatdy 
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incident  upon  them ;  and  such  is  the  state  of  the  electrical 
equilibrium,  that  it  may  be  said  that  one  pole  exists,  to  vhidb 
nitric  acid  would  be,  as  it  were,  a  consecutive  pole.  .  Hence 
this  consecutive  form  is  developed,  and  the. whole  beoomes 
quiescent.  The  presence  of  organic  substances  must,  no  doubt, 
facilitate  this  nitrification,  both  as  afibrding  nitrogen  in  the 
nascent  state,  and  as  oongr^piting  the  oxygen  of  the  air  towaxda 
their  carbonaceous  elements.  But  a  limestone  rock,  darfcwws,. 
and  damp  are  of  themselves  quite  adequate  to  dFect  the  same^ 
The  nitrate  of  lime,  like  most  of  the  other  nitrates,  is  so  little 
in  a  state  of  electrical  quiescence,  that  it  attracts  water  fioom. 
the  air,  and  deliquesces.  Of  all  the  nitrates,  nitre  is  eminent 
for  its  permanency ;  hence«  when  it  is  once  developed,  it  is 
not  agmn  destroyed,  nor  is  there  any  more  perfect  form  into 
which  it  can  be  elevated,  which  can  respond  more  perfectly 
to  the  symmetry  of  the  potash.  Lime,  however,  is  a  form 
which,  as  will  be  afterwards  shown,  possesses  five  tcrnate  parts 
around  the  central  oxygen,  and  of  such  a  structure  that  each 
requires  only  four  atoms  to  expand  the  whole  into  potash. 
Now,  atoms  must  be  abundant  where  there  is  liquid  nitrate 
of  lime ;  and  where  there  is  but  a  feeble  light,  they  may  be 
derived  in  any  quantity  from  the  radiant  medium.  Hence,  as 
the  lime  had  power  to  develope  the  nitric  acid,  so  now,  I  pre- 
sume, the  nitric  acid  has  power  to  repay  it  for  its  existence, 
by  converting  the  particle  of  lime,  to  which  it  is  attached,  into 
the  form  of  potash,  and  thus  giving  rise  to  a  beautiful  perma- 
nent efflorescence  on  the  calcareous  surface.  The  small  quan- 
tity of  nitrate  of  lime  existing  at  any  one  period  of  the  de- 
velopment, greatly  aids  this  transmutation,  for,  if  it  were  in 
quantity,  the  reaction  of  the  mass  would  prevent  the  develop- 
ment of  a  new  form.  But,  on  the  other  hand,  when  the  nitre 
once  makes  its  appearance,  it  will  increase  rapidly,  that  which 
has  been  generated  acting  favourably  for  the  development  of 
more,  as  in  other  cases,  of  crystallization.  Hence,  it  might 
be  of  much  advantage  to  mingle  a  portion  of  nitre  in  nitre- 
beds,  or  to  water  them  with  a  solution  of  it  when  they  re- 
quired to  be  moistened. 
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But  there  is  yet  another  way  in  which  nitric  add  may  be 
dereloped  from  air.  Oxygen,  when  it  receives  a  pardde  of 
hydrogen  in  its  pole,  becomes  water.  In  the  state  of  vital  air, 
the  access  of  the  hydrogen  is  prevented  by  the  atoms  which 
occupy  the  poles ;  but  when  we  amsider  the  affinity  of  oxygen 
for  hydrogen,  it  seems  not  improbable  that  vagabond  par* 
tides,  not  prevented  by  the  symmetry  of  neighbouring  ones, 
or  otherwise  determined  to  maintain  their  position,  may  attadi 
themselves  to  the  outnde  of  the  oxygen  by  a  facet,  and  thus 
wait  there  for  a  favourable  opportunity  of  {dunging  into  the 
centre,  so  as  to  produce  water.  Were  there  any  such  near  m 
surface  of  lime  or  potash,  five  of  them  would  immediately  in- 
sert themselves  into  the  concave  poles  of  the  base,  and  a  par- 
ticle of  nitrogen  from  the  atmosphere  might  complete  tlie 
fcMin. 

The  rapid  transition  of  lime  into  potash  would  seem  a  very 
wonderful  thing,  were  it  not  for  their  peculiar  relations  to 
each  other,  and  to  nitric  acid.  For,  in  other  eases,  the  con- 
version of  one  undecompounded  substance  into  another,  is 
usually  the  work  either  of  a  very  long  time  in  the  laboratory 
of  the  mineral  kingdom,  or  it  belongs  to  the  secret  works 
of  assimilation  in  the  organized.  That  such  is  the  fact,  how- 
ever, there  can  be  no  dispute,  for  large  quantities  of  nitre  arc 
gathered  again  and  again  from  calcareous  caves  and  walls, 
which  are  not  known  to  contain  any  potash  whatever.  Nitre 
is  an  abundant  product  of  several  districts  of  the  world,  but 
still  the  natural  supply  is  too  small  for  the  demands  of  the 
arts  of  life  and  death.  It  is  therefore  prepared  artificially,  by 
filling  ditches  with  animal,  vegetable,  and  calcareous  sub- 
stances, and  protecting  them  from  the  sunbeam  and  showers. 

It  occurs  in  nature  in  crystalline  spicula  and  efBorescing 
crusts,  associated  with  carbonate,  nitrate,  sulphate,  and  mu- 
riate of  lime.  But  it  may  be  obtained  from  its  solution  in 
prisms,  striated  longitudinally,  soluble,  and  very  brittle.  By 
the  application  of  heat,  the  crystals  fuse  into  a  transparent  pe- 
netrating liquor,  which,  when  poured  into  moulds,  constitutes 
Sal  prunelle  or  mineral  crystal. 

When  the  heat  is  urged,  nitre  gives  oiT  nearly  adivtd  t& 
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it8  weight  of  oxygen  gas.  Along  with  a  combustible,  it  de- 
fiagrates  like  other  salts  containing  a  quinate  acid.  When 
mixed  with  carbon  and  sulphur  in  such  proportions  that  there 
is  about  as  much  oxygen  as  may  convert  the  whole  of  the 
carbon  into  fixed  air,  it  forms  gunpowder,  a  substance  so 
violently  combustible,  and  generating  so  vast  a  quantity  of 
elastic  matter,  that  Count  Rumford  calculated  that  the  initial 
force,  during  an  explosion  of  gunpowder,  is  not  less  than 
101,021  atmospheres*  It  seems  not  improbable  that  a  port 
of  the  sulphur  is  resolved  into  hydrogen.  If  no  water  be 
present  in  nitre,  its  atomic  weight  is  130,  composed  of  70 
acid  and  60  potash  ;  the  determination  of  Dr  WolUnton 
being  70  acid  and  60*6  potash,  and  that  of  Romberg  66*8 
acid  and  60  potash.  Analyses,  however,  give  various  propor* 
tions  on  both  sides  of  the  true  number.  Sir  H.  Davy  also 
found  water  even  in  fused  nitre. 

Chlorate  of  Potash. — By  passing  a  continuous  current  of 
chlorine  through  potash,  a  part  of  it  is  converted  into  a  dihv 
ratc  by  the  development  of  chloric  acid  through  the  induc- 
tion of  the  potash.  The  salt,  when  procured  in  a  free  state, 
consists  of  plates  having  an  adamantine  lustre.  It  contains 
no  water,  and  with  combustible  substances  deflagrates  more 
powerfully  than  nitre.  Its  constituents  are  the  same,  with 
the  addition  of  a  quinate  molecule  of  carbon,  which  forms  the 
nucleus,  and  may  be  concerned  in  imparting  the  adamantine 
lustre  to  the  salt.  This  salt  was  long  known  by  the  name  of 
Hyperox3rmuriate  of  potash,  a  term  which  implies  an  erroneous 
view  of  its  structure ;  and,  if  the  views  advanced  in  this  work 
be  sound,  such  is  the  character  of  the  names  of  half  the  che- 
mical substances  which  are  founded  upon  the  supposed  struc- 
ture of  their  particles,  and  not  upon  their  remarkable  proper- 
ties according  to  the  natural  use  of  language ;  which  proper- 
ties, however,  must  be  expressed  in  the  nomenclature  of  their 
forms.  This  salt  has  been  much  used  in  the  ultimate  analyses 
of  organic  bodies,  from  the  facility  with  which  it  yields  oxygen 
to  the  hydrogen  and  carbon.  It  is  not  known  to  be  developed 
io  nature. 
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Tartar.  Tartrates  of  PoiaMa. — It  will  be  remembered  that 
a  quinate  arrangement  has  been  assigned  to  the  oxygen  in 
tartaric,  as  in  the  nitric  and  chloric  acids,  and  that,  like  them, 
It  is  developed  by  the  aid  of  potassa.  The  quantity  of  carbon 
present,  however,  renders  it  weaker,  so  that  we  have  both  a 
tartrate  and  a  bitartrate,  and  its  deflagrations  are  not  so  re- 
markable. The  tartrate  is  an  easily  soluble  salt,  which  seems 
to  contain  some  water.  If,  indeed,  we  reflect  upon  the  supposed 
itrocture  of  tartaric  acid  in  the  free  state,  we  should  readily 
bdieve  that  its  salts  should  contain  at  least  one  partkde  of 
wwSuat  for  each  of  acid.  The  cream  of  tartar  of  the  shops  is 
a  bitartrate,  in  which  a  particle  of  tartaric  acid  is  found  on 
each  pole  of  the  potash.  From  this  there  must  result  a  fbrm 
of  singular  elegance,  though  it  is  difficult  to  conjecture  what 
may  be  the  form  of  its  crystallizing  nxdecule.  It  may  be 
noticed  of  all  welUknown  substances,  that  there  is  something 
remarkable  in  the  symmetry  of  their  forms,  compared  with 
those  which  are  confined  to  the  manipulations  of  the  chemist. 

Ma$iganate  afPotasK^^li  is  to  the  influence  of  potash,  in 
like  manner,  that  we  owe  the  manganic  quinate  acid,  whidi 
seems  to  be  possessed  of  such  interesting  properties.  The 
salt  crystallizes  in  prisms,  as  is  usually  the  case  with  the  salts 
of  the  quinate  acids,  has  a  diamond  lustre,  a  purple  colour,  a 
taste  at  first  sweet,  and  similar  to  walnuts,  but  which  leaves 
a  very  disagreeable  impression  in  the  mouth.  When  heated 
in  contact  with  hydrogen  gas,  the  crystals  set  it  on  fire,  ri* 
vailing  chlorate  of  potash  itself  in  their  power  of  supporting 
combustion.  This  salt,  as  is  usually  the  case  with  the  salts 
of  potash,  containing  a  carbonaceous  acid,  has  a  particle  of 
manganese  in  each  pole,  and  five  particles  of  oxygen  on  one 
of  them.  These  proportions,  along  with  four  particles  of 
water,  are  very  accurately  assigned  in  the  analysis  of  Unver. 
dorben. 

True  ratio. 
Potash,      ....     25*63  ai    60    .     .    .      60 

Kanganeaic  acid,    .    52*44 «  ISS    .    .    .     IfO 

Water,     ....     21SS  «    49    .    .    .      46 
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Sulpluite  qf'Potassa. — Potassa  and  sulphur  have  a  strong 
aiBnity  for  each  other,  and  oonsUtute  the  Hepar  Sulphuris  of 
the  older  chemists.     When  exposed  to  the  air  this  body  bo- 
comes  moist,  of  a  green  colour,  and  a  foetid  odour,  indicating 
the  departure  of  sulphuretted  hydrogen.    The  most  quiescent 
form  resulting  from  all  sulphurets,  hydrosulphurets,  and  hy- 
droguretted  sulphurets,  is  that  which  is  developed,  when,  by 
the  departure  of  sulphur,  and  union  with  oxygen,  a  form  is 
constituted  of  one  particle  of  sulphur  in  each  pole  of  a  particle 
of  potash,  and  three  particles  of  oxygen  on  the  three  external 
edges  of  the  equator  of  one  of  the  sulphurs.     It  is  therefore 
merely  an  anhydrous  sulphate,  and  thus  oil  of  vitriol  resolves 
itself,  when  it  enters  into  combinations  averse  to  the  presence 
of  water.     There  are  other  salts  of  potash  with  sulphur  and 
oxygen,  of  which  the  sulphite  or  sulphureous  salt  of  Stahl  has 
been  long  known.    It  consists  of  a  particle  of  potash  with  one 
of  sulphureous  acid  in  each  pole.  It  crystallizes  in  rhomboidal 
plates,  and,  when  exposed  to  the  air  with  scarcely  any  change 
of  appearance,  it  becomes  sulphate  of  potash.   Only  one  addi- 
tional particle  of  oxygen  is  required  for  each  particle  of  salt, 
and  no  change  in  the  position  of  the  sulphurs  is  necessary. 

When  oil  of  vitriol  is  supplied  to  potash  in  excess,  a  bivi- 
triolate  also  is  obtained,  consisting  of  a  particle  of  potash  with 
one  of  oil  of  vitriol  in  each  pole.  But  so  averse  is  the  quinatc 
potash  to  the  temate  water,  when  its  demand  for  union  is  other- 
wise neutralized,  that  even  the  vitriol  cannot  take  into  the 
crystals  more  water  than  is  essential  to  its  own  constitution. 

The  Carbonates  of  Potassa. — Potassa  has  a  great  affinity 
for  quinate  columnar  forms,  such  as  carbonic  and  oxalic 
acids,  and  unites  with  them  in  a  variety  of  proportions.  The 
most  natural  carbonate  is  that  which  is  analogous  to  the  true 
carbonates,  and  consists  of  a  particle  of  fixed  air  in  each  pole 
of  one  of  potash.  This  seems  to  be  the  vegetable  alkali  which 
occurs  in  nature,  but  it  remains  to  be  investigated  whether 
the  residuum  of  the  crucible,  when  cream  of  tartar,  or  any 
more  highly  carbonated  potash  is  heated,  be  this  carbonate. 
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or  a  panicle  of  pyragynic  acid,  with  one  of  potash  on  each 
side  for  an  equator.     The  carbonated  alkali  which  is  the  pro- 
duct  of  the  incineration  of  land  plants,  is  yielded  in  diCRerent 
quantities  by  different  apecies,  and  it  is  more  abundant  in  the 
leaves,  and  in  herliereous  {mrts,   than  in  those  of  a  more 
woody  character.     Whether  the  potaasiyiQ  exist  as  potash  in 
the  living  vegetable,  has  not   yet  been  discovered.      T|ie 
potash  obtained  in  this  way  crystallises  only  with  extreme 
difficulty,  and  is  usually  exhibited  in  concrete  saline  msnnns 
of  a  somewhat  pearly  lustre,  and  hence  named  PearUAsh.   In, 
this  carbonated  state,  the  alkaline  properties  of  potassa  are 
weaker  than  when  it  is  a  hydrate.     It  does  not  destroy  the 
texture  of  cloth,  but  it  instantly  reacts  upon  colours  as  an 
alkali.     It  is  readily  soluble  in  water,  and  deliquesces  in  the 
air  from  the  attraction  of  vapour.     But  it  does  not  imUbe 
carbonic  acid.     As  in  the  instance  of  soda,  there  are  also  two 
salts  containing  a  larger  proportion  of  carbonic  add.    Of 
these,  that  named  Bicarbonate,  or  which  contains  twice  as 
much  add  as  pearl-ashes,  is  well  known.      It  crystallises 
readily,  and  if  it  be  a  true  bicarbonate,  or  contain  the  same 
sort  of  carbonic  acid  as  is  most  probably  in  the  sesquicarboo- 
ate,  the  add  and  base  are  in  equal  quantity,  as  appears  almost 
exactly  in  analysis  of  Vauquelin.     If,  again,  it  contain  pyra- 
gynic  acid,  55  will  be  its  weight  to  60  of  potash.     Its  de- 
mand for  columnar  forms,  as  indicated  in  its  habitudes  with 
oxalic  add,  would,  doubtless,  render  it  very  tenadous  of  pyra- 
gyne.     But  it  were  much  to  be  wished  that  the  whole  series 
of  carbonates  were  revised.     The  form  of  fixed  air  is  so  ana- 
logous to  oxygen,  and  a  particle  of  carbon  so  perfectly  fills 
up  the  cavity  between  two  particles  of  oxygen,  that  one  is 
tempted  to  believe  that,  in  such  forms  as  pearl-^ishes,  or  salt 
of  tartar,  the  fixed  air,  when  cemented  by  heat,  might,  in 
many  instances,  remain  afterwards  as  a  constituent  of  the 
base,  and  enter  into  union  with  an  acid  along  with  it     This 
might  be  especially  suspected  in  such  a  form  as  potassa, 
which  has  a  demand  for  more  oxygen  than  that  of  its  base. 
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If  ny  mkIi  cuixxuited  uurticles  lemaiiied  in  a  nuuBy  the  car- 
bonic  acid  wUdi  would  ba  indicated  by  the  ordinaiy  meana 
of  aadyni  would  be  too  low.  Again,  moe  carboiiate  of  soda 
h  certaudy  an  alkali,  no  re§mm  ean  be  aaagned  why  iolphiK 
fie  add  migfat  not,  in  aome  caaeai  unite  with  it.  It  is  eaoly 
aopcriifaMe^  indeed,  that  the  aicid*8  affinity  for  the  baae  may  be 
andi  more  intense,'  ao  that  it  diiplacea  moat  of  the  fixed  air. 
^rt  it  is  not  qnieasopaMetasuppose^  that  a  particle  of  pota—L 
or  aoda,  containing  one  (v  efen  two  particks  of  fixed  air  oe- 
mcnted  to  its  axis  by  heat,  may  oooatitute  a  baae  irfnch  even 
flnariade  add  and  heat  could  acncely  deoompoae.  Thepoleaof 
ailoh  a  body  are  aa  confimnaUe  for  union  with  adds  as  other 
alkafine  and  earthy  bodies.  Upon  the  whole,  it  seems  most 
probaUe,  that  the  eaifaonate,  ledooed  from  the  bicaifaoBain 
by  the  expulsion  of  half  its  carbooic  add,  contains  one-duid 
of  its  weight  of  fixed  dr,  and  that  nine  grains  are  iiequirBd 
to  jiM.  six  of  potash. 

As  in  soda,  the  greater  the  quantity  of  carbonic  add,  the 
ndlder  does  it  become  in  its  taste  and  action  upon  the  liraig 
body.  The  bicarbonate,  like  the  mme  salt  of  soda,  is  often 
used  as  an  antadd,  and  for  forming  efenresdng  drangbts 
ak»g  with  the  ndld  vegetable  adds,  such  as  the  tartaric  and 
dtric 

Oxalates  ^Poto^A.— Potash  occurs  in  many  planto  united 
to  oxalic  add,  of  which  it  may  be  r^arded  as  the  parent,  in 
the  same  manner  as  it  is  the  parent  of  the  quinate  adds. 
That  which  occurs  is  of  course  a  binoxalate,  or  a  symmetrical 
form,  having  a  particle  of  oxalic  add  in  each  pole ;  and  here 
there  is  evidently  an  acid  form,  as  in  the  natural  carbonate 
there  was  an  alkaline  form.  There  is  here  a  long  axis,  two 
convex  poles,  an  equator,  and  seven  particles  of  oxygen,  in- 
volved in  the  constitution  of  the  salt.  Accordingly,  it  is 
found  that  this  salt  has  the  power  of  uniting  with  most  alka- 
lies and  earths,  and  forming  with  them  what  have  been  calkd 
Triple  Salts. 
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The  origin  of  oxalic  acid  is  eanly  traced.  The  binozalate  oi 
potash  is,  in  fact,  only  the  carbonate,  with  two  partides  of 
citrogen  added ;  so  that  it  is  a  citrate  of  the  natural  carbc^ 
nate,  without  the  hydrogen,  which  is  let  go  on  account  of 
the  length  of  the  axis :  or  it  is  the  citrate,  with  two  partidea 
i^  carbonic  acid  added.  There  is  also  an  oxalate,  coubtii^ 
of  one  particle  of  oxalic  add  and  one  of  soda ;  and  if  this  salt 
contain  one  particle  of  water,  and  the  other  two,  it  is  rather 
calculated  to  raise  the  suspidon,  that  oxalic  add  united  lor 
potash  is  a  hydradd. 

By  the  ingenuity  of  chemists,  oxalic  add  has  been  made  to 
unite  with  potash  in  two  other  proportions.  The  salts 
tain  a  considerable  quantity  of  water,  and  as  they 
eminently  crystalline  forms,  they  probably  consist  of  large 
molecules. 


«%/)  Soap^ — ^Potash,  like  soda,  unites  with  oleaginous 
ter,  and  forms  a  soap,  which  is  in  general  of  much  softer 
comsBtence  than  the  soaps  of  soda.  It  is  hence  not  so  cosie* 
nient  in  use,  and  is  more  seldom  manufactured.  This  greater 
softness  probably  arises  from  the  greater  perfection  of  its 
form,  which  has  a  greater  tendency  to  the  softness  of  organic 
tissues  than  the  hardness  of  the  crystalline.  It  may  also  arise 
from  the  presence  of  a  smaller  cjuantity  of  water,  which  aids 
very  powerfully  in  produdng  hardness  in  bodies  in  which  it 
is  combined. 


MAGTTOSIUM  AND  MAGNESIA. 

A  vnY  white  light  powder,  possessed  of  weakly  alkaline 
properties,  is  found  in  the  laboratory  of  the  apothecaries,  and  it 
is  known  to  be  an  earth  which  constitutes,  almost  alone,  whole 
mountain  ranges  in  certain  regions  of  the  earth,  and^  along 
with  lime,  many  of  the  more  recent  strata.  It  bears  to 
Kme,  Tcry  much  the  same  relations  that  soda  does  to  potcBsa* 
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It  is  a  weaker  alkali  than  lime,  as  soda  is  than  potassa.  Their 
neutralizing  ratios  are  such,  that  if  a  certain  quantity  of  acid 
demand  40  of  soda  to  neutrahze  it,  it  will  demand  60  of  po- 
tassa ;  and  if  another  quantity  of  acid  demand  40  of  mag- 
nesia, the  same  will  require  about  61  of  lime.  Like  soda  and 
potassa,  magnesia  and  lime  have  both  metallic  bases ;  and  the 
proportion  of  oxygen  in  magnesia  and  soda  is  greater  than  that 
in  potassa  and  lime,  nearly  in  the  same  ratio.  Soda  and  mag- 
nesia are  chiefly  found  in  the  inorganic  kingdom,  while  po* 
tassa  and  lime  are  formed  also  hy  plants  and  animals.  In  a 
word,  there  are  so  many  analogies,  that  we  may  expect  to 
find  between  magnesia  and  lime  a  relationship  of  form  similar 
to  that  which  exists  between  soda  and  potassa. 

The  recent  discoveries  of  chemistry  have  demonstrated 
that  magnesia  is  a  compound  of  oxygen  with  a  metal ;  but  the 
latter  has  hitherto  been  procured  only  in  quantities  so  small 
that  our  knowledge  of  it  is  very  imperfect.  In  fact,  50  parts 
of  potasuum  are  equivalent  to  only  16  of  magnesium  ;  and  the 
form  of  the  latter  is  also  much  less  symmetrical ;  it  is  there- 
fore much  less  patient  of  being  insulated,  and  is  so  highly 
parasitic,  that  it  unites  with  glass  during  its  disengagement  in 
glass  vessels. 

We  found  that  a  particle  of  sodium  might  be  described  as 
a  particle  of  carbon,  with  all  its  faces  covered  by  atoms ;  a 
particle  of  magnesium  is  one  of  hydrogen  covered  in  a  similar 
manner,  (Fig.  6).  Its  atx)mic  weight  is  consequently  8 ;  and, 
as  in  sodium,  there  are  only  two,  one  on  each  side  of  a  par- 
ticle of  oxygen,  so  in  magnesia  there  are  only  two.  (Fig.  82). 
The  atomic  weight  of  magnesia  is  therefore  26,  of  which  J  6 
are  magnesium  and  10  oxygen.  Berzelius  states  that  he 
found  magnesia  to  consist  of  from  88  to  39  of  oxygen,  and 
from  61  to  62  of  metal,  the  mean  of  which  is  38.5  to  61.5, 
the  true  ratio  being  38.5  to  61.6  ! 

Magnesia  is  a  very  light,  white,  tasteless,  rather  inert  pow- 
der. It  is  infusible  except  in  the  extreme  heat  of  the  oxy- 
hydrogen  blowpipe.  It  is  scarcely,  in  any  degree,  soluble 
in  water,  and  its  hydrate  is  decomposed  at  a  red  heat. 
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It  has  been  met  with  in  nature  as  a  hydrate,  containing  one 
of  water  for  every  particle  of  earth.  Its  molecule  is,  there- 
fore, a  senate  molecule  of  water,  surrounded  by  six  particles  of 
magnesia ;  and  its  incipient  forms  of  crystallization  ought  to 
be  hexagonal  tables  like  those  of  snow.  Such  crystalline 
forms  have  been  discovered  ;  but  the  hydrate  is  usually  found 
in  beautifully  silky  laminae  resembling  talc.  It  is  said  that 
magnesia  proves  injurious  to  the  vegetation  of  the  soil  in 
which  it  abounds ;  but  opinions  on  such  matters  connected 
with  agriculture  are  not  always  to  be  recrived  without  inves- 
tigation. Magnena  unites  with  acids  and  forms  salts,  of 
which  the  chemist  can  enumerate  the  usual  routine.  There 
are  only  a  few,  however,  that  occur  in  natiure,  or  are  possessed 
of  much  interest. 

Magnetic  SalU  and  Minerals. 

Carbonate  of  Magnesia. — Magneaa  is  found  in  some  re- 
gions of  the  earth  in  abundance,  united  to  carbonic  add.  It 
does  not,  however,  give  rise  to  crystalline  forms  of  great 
beauty  like  those  of  lime,  nor  is  it  at  all  regular  in  its  habi- 
tudes with  carbonic  acid.  Two  particles  of  fixed  lur  form 
the  natural  and  quiescent  charge  for  one  of  lime.  There  is 
every  reason,  therefore,  to  believe  that  they  must  be  too  much 
for  magnesia,  which  is  more  easily  saturated.  In  the  native 
carbonate,  there  seems  to  be  an  excess  of  magnesia,  and  as  it 
does  not  crystallize,  perhaps  its  structure  is  no  more  symme- 
trical than  that  of  the  artificial  carbonates,  in  which  some  of 
a  group  become  true  carbonates,  some  remain  with  only  one 
particle,  and  some  without  any,  according  to  the  temperature 
and  conditions  of  its  formation. 

Epsom  Salt.  Vitriolate  qf  Magnesia.'^^ne  of  the  most 
interesting  salts  of  magnesia  is  that  which  it  forms  with  oil 
of  vitriol  Like  soda,  it  has  no  tendency  to  reduce  the  vitriol 
to  the  form  of  anhydrous  sulphuric  acid,  but  it  readily  unites 
with  this  add.     The  salt  crystallizes  in  prisms,  permanent  in 
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the  air,  soluble,  and  of  a  Intter  taste.  Like  vitriolate  of  soda, 
it  is  much  used  in  medicine  as  a  cathartic.  The  molacule 
seems  to  be  similar  to  that  of  Grlauber^s  salt  or  vitridale  of 
soda,  and  to  consist  of  two  hydrated  particles  united  by  a 
common  particle  of  water,  so  as  to  produce  a  symmeinai 
form. 


Tnientio. 
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It  is  met  with  abundantly  in  the  waters  of  the  ocean  and  in 
those  of  certain  mineral  springs.  It  is  valuable  from  afibrd- 
ing  magnena,  which  is  used  as  an  antacid,  by  its  decom- 
pofflUon. 

fomet^.-— Magnesia  occurs  in  nature  united  to  boracie 
acid,  constituting  a  mineral  which  is  always  exhibited  in  a  very 
highly  crystalline  form,  and  which  possesses  rery  interesting 
optical  and  electrical  characters.  It  occurs  along  with  gyp- 
sum and  anhydrite.  The  analyses  of  Vauquelin  and  Wes- 
trumb  indicate  three  particles  of  acid  to  one  of  magnesia 
almost  exactly,  and  that  of  Pfaff  nearly  a  particle  of  each. 

Muriate  of  Magnesia. — This  salt  occurs  in  great  quantities 
in  the  waters  of  the  ocean,  constituting  about  an  eighth  part 
of  their  saline  contents.  Like  most  true  muriates  with  earthy 
bases,  it  is  a  very  soluble  and  deliquescent  salt.  When  re^ 
solved  into  a  chloride,  it  is  probable  that  little  better  than  a 
mass  destitute  of  individuality  is  the  result.  It  might,  how- 
ever,  be  inferred  that  a  symmetrical  chloride  might  be  formed, 
if  chlorine  and  magnesium  were  made  to  unite  in  the  ratio  of 
five  particles  of  metal  to  one  of  chlorine.  The  muriate  con- 
sists of  a  particle  of  each  of  its  constituents,  and  five  of  water  • 
the  true  chloride  of  five  of  magnesium  and  one  of  chlorine  ; 
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hence,  in  the  conversion  of  chloride  into  muriate,  there  muit 
be  a  precipitate  of  magnesia,  as  found  by  Dr  Thomson. 

The  remarks  which  have  been  made,  when  describing  Mag* 
nesium  and  Magnesia,  have  prepared  for  the  assertion  that 
calcium  is  isamorphous  with  magnesium  (Fig.  6.),  but  that, 
instead  of  containing  two  atoms  in  the  centre,  apptied  bate  to 
base,  it  is  hollow.  It  possesses  a  highly  metallic  lustre;  and, 
as  we  should  expect,  there  is  nothing  remarkable  about  iti 
specific  gravity.  Were  it  completdy  resolved  into  its  prop« 
molecules,  which  are  temate,  caldum  would  indeed  be  a  light 
metal,  but  still  probaUy  four  or  five  times  as  heavy  as  water. 
Its  atomic  weight  is  6 ;  and  five  of  them,  as  in  the  parallel 
case  of  potassa,  invest  one  of  oxygen  to  constitute  Kme.  It 
bums  with  great  splendour  in  the  air,  and  quicklime  is  regene^ 
rated.  In  such  an  experiment,  were  the  calcium  all  converted 
into  lime,  100  parts  ought  to  consume  about  86.86  of  vitri 
air.  The  atomic  weight  of  lime  (Fig.  88)  is  40,  and  its  oxj^ 
gen  is  one*fourth  of  the  whole,  or  £5  per  cent,  Davy  sup- 
posing there  might  be  S7.2  per  cent  There  are  many  diA. 
culties  in  the  way,  however,  of  discovering  the  true  ratfe 
experimentally.  It  seems  not  improbable  that,  where  the 
quantity  of  matter  yielding  oxygen  must  be  very  great,  com- 
pared with  that  of  the  metal,  and  more  especially  when  the 
metallic  particles  are  insulated  from  each  other,  some  must 
escape  in  a  form  analogous  to  magnc«a,  with  2  partides  of 
metal  to  1  of  oxygen,  which,  in  small  quantities,  could  not  be 
distinguished  from  lime,  being  probably  still  liker  it  than 
magnesuL 

The  earthy  substance  produced  by  the  reduction  of  calcium 
to  a  calx,  is  a  very  acrid  powder,  which  changes  vegetable 
blues  to  green,  and  has  an  intense  affinity  for  water.  It 
is  recognised  as  the  same  substance,  which  may  be  procured 
by  exposing  limestone  or  marble  to  a  strong  heat  for  a  consi- 
derable time. 

Dry  quicklime  absorbs  water  with  such  eagerness  that  a 
hissii^  sound  is  produced,  ami  there  is  a  development  of  so 
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much  heat,  that  combustible  bodies  placed  among  k  are 
burned.  Hence  ships,  laden  with  quicklime,  when  they  hap^ 
pen  to  spring  a  leak,  are  sometimes  set  on  fire.  The  hydrate 
which  results  is  a  dry  powder,  possessing  the  usual  structure. 
Though  not  perhaps  when  slaked  in  a  rude  way,  yet,  by  che> 
mical  care,  the  hydrated  particles  may  be  made  to  group  into 
their  senate  molecules,  and  the  usual  snow-like  six-sided  tabu* 
lar  crystals  produced.  Lime  is,  in  a  slight  degree,  soluble  in 
water,  and  the  liquid  which  contmns  it  acquires  a  disagreeable 
taste,  and  the  property  of  changing  vegetable  colours  to  their 
^kaline  tints.  When  exposed  to  the  air,  lime-water  becomes 
covered  by  »  solid  film,  in  consequence  of  the  incidence  of 
fixed  air  from  the  atmosphere,  which  forms  with  lime  an  in- 
soluble stony  matter. 

Lime  is  a  substance  of  great  value  in  the  arts  of  agri- 
culture and  architecture.  Mingled  with  water,  and  a  due 
proportion  of  sand,  it  forms  the  common  cement  of  buildings, 
which,  by  the  addition  of  certain  metallic  oxides,  acquires  the 
power  of  setting  and  remaining  for  a  long  time  insoluble 
under  water.  In  the  soil,  it  tears  undecomposed  vegetable 
fibres  into  water  and  fixed  air,  for  both  of  which  it  has  a 
strong,  though  limited  demand  ;  and,  as  these  two  substances 
are  the  chief  pabula  for  plants,  lime  is  a  very  valuable 
addition  to  most  soils  which  are  charged  with  undecomposed 
vegetable  matter,  or  do  not  naturally  contain  a  due  supply  of 
lime.  When  the  living  plant  deprives  il  of  its  water  or  fixed 
air,  for  its  own  nourishment,  the  lime  immediately  derives 
more  of  both  from  the  neighbouring  earth  or  air,  and  thus 
keeps  a  supply  of  food  and  water  between  the  plants  and 
want.  If  it  remained  in  a  quick  state  in  the  soil,  it  would  o1 
course  supply  itself  from  the  living  plants,  that  is,  it  would 
kill  them,  and  thus  it  might  become  food  or  poison,  according 
as  the  condition  of  the  soil  and  weather  rendered  it  mild  or 
exhibited  it  quick.  So  great,  however,  is  its  aflinity  for  fixed 
air  and  water,  that  it  cannot  long  exist  in  the  soil  in  a  pungent 
state.  According  to  this  view,  the  function  of  lime  to  plants 
is  somewhat  similar  to  that  of  vital  air  to  animals.     It  be- 
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cx)ine8  a  cup  for  serving  out  fixed  air  and  water  to  them,  filU 
ing  itself  as  fast  as  it  is  emptied  by  the  vegetable. 

Calcic  Earths  a/9id  Salts, 

Chloride  and  Muriate  of  Ltm^.-— Lime  is  used  for  con- 
densing chlorine,  and  preserving  it  for  the  purposes  of  bleach- 
ing. Like  other  bodies,  it  absorbs  the  gas  in  large  quantities : 
and,  when  hydrated,  becomes  capable  of  retaining  a  very  full 
charge.  The  limit  seems  to  be,  when  five  molecules  of  chlo- 
ride of  lime  surround  a  particle  of  lime,  an  arrangement  wLidi 
seems  to  obtain  in  the  true  muriate.  In  Dr  Ure^s  experiments,, 
the  ratios  are  constantly  found  about  this  proportion ;  and  that 
which  he  regards  as  the  most  accurate,  gives  it  almost  exactly. 
His  ratio  is,  chlorine  89-40,  and  lime  4S.SS,  the  ratio  of  thh 
molecule  being  39-40  chlorine,  and  42.05  lime.  No  crystal- 
line forms,  however,  are  developed ;  it  continues  to  smdl  of 
chlorine ;  and,  in  water,  it  resolves  itself,  in  the  course  of 
time,  into  muriate  of  lime. 

Muriate  of  lime  is  found  in  the  waters  of  certiun  lakes,  es* 
pecially  those  of  the  Dead  Sea.  It  is  extremely  bitter,  and  so 
deliquescent  that  crystals  can  only  be  procured  and  preserved 
with  difficulty.  Its  molecule  seems  to  consist  of  a  particle  of 
lime,  as  a  nucleus,  around  which  are  five  muriated  particles, 
with  a  large  proportion  of  water.  The  analyses  of  this  salt  by 
Wengel,  Marcet,  and  Berzelius,  agree  very  well  with  each 
other.  The  ratio  now  assigned  is  240  lime  to  9S5  acid,  or 
60.77  to  49.7,  the  experimental  numl)ers  of  Marcet  being  50.77 
to  49.9.  When  this  crystalline  mass  is  exposed  to  a  heat 
equal  to  that  sufficient  to  boil  mercury,  a  transference  begins  to 
take  place  of  the  calcium  from  the  oxygen  to  the  chlorine. 
The  hydrogen  of  the  acid  unites  with  the  oxygen  relieved, 
and  escapes  as  water.  The  chloride  which  results,  however, 
cannot  be  pure,  if  the  salt  has  been  forced  to  resolve  itself  from 
molecules  such  as  those  here  presumed ;  it  must  contain  a 
certain  quantity  of  lime,  amounting  to  about  .042  of  the  crys- 
tals used.  The  chloride  of  calcium  may  also  be  generated  by 
subliming  chlorine  through  hot  lime,  when  it  is  remarked 
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thtt  the  volume  of  vital  air  devdoped,  is  equal  to  the  half  ei 
that  of  chlorine  detained.  The  chloride  of  caldum  is,  how- 
ever,  a  forced  body.  The  calciums  are  indeed  conformable 
to  the  equator  of  the  chlorine,  but  the  poles,  where  they  can- 
not be  received,  are  the  natural  re^ons  of  attadunent. 

€!arbomaie  qf  lAme^  LimeHone^-^lASOQ  possessefi  a  strong 
affinity  for  fixed  air,  and  forms  along  with  it  an  inaoluUe 
earthy  powder.  In  nature,  the  carbonate  of  lime  occurs  moat 
abundantly,  oonsUtuting,  in  the  opinion  of  some  geologists, 
dxmt  an  e^th  part  of  the  crust  of  the  earth,  and  compristi^ 
all  sorts  of  marbles,  limestones,  calcareous  spars,  and  tuffiis. 
In  primitive  countries,  the  masses  in  which  it  occurs  are  ge- 
nerally crystalline,  and  in  all  seras  crystals  are  found.  Their 
forms  are  extremely  various ;  but,  when  broken,  they  are  all 
reduced  to  rhomboidal  fragments,  which,  at  the  same  tempera- 
ture, have  uniformly  the  same  angles.  Carbonate  of  lime  also 
forms  immense  beds,  of  unknown  extent,  in  the  bottom  of  tbe 
ocean,  which  are  the  work  of  zoophytic  animals.  These  corals 
ffven  rise  to  the  surface  in  many  truly  pelagic  situations,  and 
produce  coral  islands.  The  attrition  of  the  waves  gradually 
smooths  their  surface,  and  heaves  up  calcareous  sand,  washed 
from  their  acclivities,  and  sea-weed.  The  island  becomes 
covered  by  vegetation,  the  seeds  of  the  more  perfect  plants 
being  wafted  from  other  places  by  the  ocean,  or  by  birds ; 
and  ultimately  there  is  a  fertile  island,  covered  with  coloured 
mould,  analogous  to  that  which  is  found  on  islands  of  a  dif- 
ferent origin.  The  shells  of  the  eggs  of  birds,  oviparous 
quadrupeds,  and  of  shell-fish,  are  also  formed  almost  entirely 
of  carbonate  of  lime ;  and  it  is  to  be  remarked,  that  testiferous 
molluscous  animals  increase  with  greater  rapidity  when  exist- 
ing in  a  medium  where  calcareous  matter  abounds,  than  when 
in  water  destitute  of  lime;  but  the  materials  of  coral  islands, 
and  the  testaceous  coverings  of  shelUfish,  cannot  be  wholly 
derived  from  the  waters  of  the  ocean.  Doubtless  the  lime 
is  secreted  by  the  animals ;  and,  as  far  as  we  know,  an  animal 
to  which  a  calcareous  covering  is  proper,  may  provide  itself 
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with  the  matter  which  is  necessary  to  its  system,  though  there 
be  no  lime  whatever  in  the  surrounding  medium ;  as  an  ok,  a 
whale,  an  elephant,  or  a  chick,  in  due  seascm,  is  not  fimnd  Id 
be  wanting  in  bone,  though  it  neither  eat  bones,  lime, 
phosphorus. 

It  appears  that  marbles,  limestones,  and  calcareous 
have  very  neariy  the  same  chemical  composition.  Their 
stnieture  is  a  type  of  the  true  carbonates,  and  consists  of  a 
molecule  of  carbcmic  acid,  or  two  particles,  one  in  each  pole 
of  the  particle  of  lime.  The  ratio  of  lime  to  fixed  air  is  4  lo 
8»  or  57.14  lime,  and  42.86  6xed  air  in  100  parts.  But  the 
fixed  mr  exposes  two  concave  poles,  which  will  be  subject  to 
the  incidence  of  two  atoms.  This  would  cause  the  fixed  air 
amount  to  44.44  per  cent.  Or,  if  one  of  them  remained  with 
the  lime,  which  would  probably  be  the  case  if  it  were  left  in 
an  unneutralized  state,  the  fixed  air  lost  would  he  4&66 
per  cent. ;  and  such  is  the  range  which  the  most  accurate  ex* 
periments  perhaps  cannot  circumscribe.  Now  the  quantity 
fi>und  by  the  best  experimentalists  is  comprised  within  this 
range.  The  fixed  air  per  cent,  has  been  thus  stated : — iSSt 
Thomson,  43.6  Berzeiius,  4S.7  Wollaston,  48.9  Marcet, 
44  Thomson.  There  seems  to  be  always  a  small  quantity  of 
water  present,  and  often  a  very  minute  portion  of  magnesia. 
The  atomic  weight  of  carbonate  of  lime  is  70  (40  lime  -|-  80 
carbonic  acid).  It  is  of  great  interest  in  physics,  in  conse- 
quence of  its  eminent  crystallographic  character  and  double 
refraction.  Carbonate  of  lime  in  pure  water  is  a  vary  inso- 
luble stone ;  but,  when  an  excess  of  add  is  added  in  the  free 
state,  it  is  dissolved  in  considerable  quantities.  The  carbo- 
nate dissolved  by  excess  of  acid  is  very  apt  to  part  with  it  on 
coming  to  the  open  air  and  light ;  hence  water,  holdiiig  liaso. 
stone  dissolved  by  excess  of  its  acid,  lets  it  go  where  it  foroHi 
a  fountain ;  there  it  encrusts  mosses  and  other  bodies  invest* 
ing  the  fountain,  giving  rise  to  appearances  similar  to  petii« 
factions.  In  the  same  way  stalactites  are  formed  on  the  roo& 
of  dripping  calcareous  caves,  and  stalagnaites  on  the  fioor^  eva- 
poration aiding  in  the  deposition  of  the  calcareous  matter. 
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Sulphate  of  Lime.  Gypsum,  Anhydrite. — lame  occurs  in 
nature  abundantly  united  to  sulphuric  acid,  constituting  the 
well  known  mineral  named  Gypsum,  or  Plaster  of  Paris. 
Besides  a  particle  of  add  and  one  of  lime,  there  are  also  two 
of  water  present  to  each  particle  of  the  mineral.  It  seems 
probable  that  lime  has  acquired  that  power  which  magnesia 
and  soda  (except  in  particular  circumstances)  do  not  possess, 
of  parting  oil  of  vitriol,  and  disposing  of  a  particle  of  sulphur 
in  each  pole,  while  the  three  particles  of  oxygen  are  on  the 
three  equatorial  edges  of  one  of  the  sulphurs.  In  this  mi- 
neral, however,  as  it  usually  occurs,  there  is  a  particle  of  wa- 
ter on  each  pole  of  the  sulphurs.  A  variety  is  sometimes 
met  with  in  which  the  water  does  not  occur,  and  which  is 
named  Anhydrite ;  the  transition  from  one  state  to  the  other 
is  indeed  easily  effected. 

By  the  application  of  heat  the  water  is  driven  off  from 
gypsum,  and  it  then  becomes  a  finable  mass,  which  may  be 
reduced  to  a  very  fine  powder.  On  mixing  this  powder  with 
water,  the  union  is  re-established ;  and,  from  the  consistence 
of  cream,  the  whole  in  a  few  minutes  becomes  a  solid,  at  first 
of  an  unctuous,  and  by-and-by  of  a  meagre  touch.  It  re- 
tains a  most  minute  impression  of  the  mould  in  which  it  has 
become  solid.  Hence  it  is  much  used  in  the  arts,  for  forming 
casts  in  architecture  and  statuary.  Carbonate  of  lime  is 
found  in  rocks  of  every  age,  but  gypsum  is  chiefly  con- 
fined to  the  more  recent  strata,  occurring  principally  along 
with  rock-salt  and  the  new  red  sandstone.  It  is  more  soluble 
in  water  than  the  carbonate,  and  a  lamina  immersed  in 
that  liquid  will  soon  indicate  solution  on  the  edges.  It  oc- 
curs in  the  granular  state,  and  also  highly  crystalline.  Its 
forms  are  quite  different  from  those  of  calcareous  spar,  but 
its  optical  characters  are  scarcely  less  interesting.  It  readily 
cleaves  into  thin  laminae,  capable  of  shewing  the  most  vivid 
tints  in  singled  light.  The  quantity  of  lime  in  100  parts 
must,  in  this  mineral,  vary  much  more  in  analysis  than  in  the 
case  of  carbonate  ;  for  (neglecting  water)  the  quantity  of  mat- 
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ter  attached  to  the  acid  part  may  vary  from  50  atoms,  which 
is  the  weight  of  naked  sulphuric  acid,  to  66,  in  which  tlie 
three  concave  centres  of  both  sulphurs  are  occupied  by 
atoms.  The  analysis  of  anhydrite,  by  Klaproth,  gives  to  40 
of  lime  the  sulphuric  acid  5S.6;  gypsum,  to  Bucholz,  yielded 
54S;  while  the  analyses  of  Berzelius  and  Thomson  give 
55.S.  It  is  probable,  however,  that  gypsum  is  in  reality 
composed  of  very  large  molecules,  in  which  the  number  of 
particles  of  acid  and  base  is  not  exactly  equal. 

NitriUe  of  Lime. — Next  to  potash,  lime  has  a  greater 
power  to  construct  quinate  acids  than  any  other  body.  There 
is  good  reason  to  believe,  that,  during  the  transmission  of 
chlorine  through  lime-water,  some  chloric  acid  is  generated. 
Tartrate  of  lime  occurs  in  nature ;  and  the  nitrate,  as  has 
been  already  mentioned,  is  the  first  form  of  nitre.  It  is  not 
so  permanent  in  the  air  as  nitre,  manifesting  a  great  ten- 
dency to  deliquesce.  It  agrees  with  muriate  of  lime  in  be- 
coming luminous,  when  its  water  is  driven  off,  and  it  b  then 
known  by  the  name  of  Baldwin^s  Phosphorus.  When  its  con- 
stitution is  perfect,  the  ratio  of  its  acid  and  base  is  70  to  40, 
which  is  the  mean  of  the  analyses  of  Dalton  and  Phillips. 

Earth  of  Bones, — The  earthy  part  of  the  bones  of  verte- 
brated  animals  is  almost  wholly  composed  of  lime  united 
to  a  phosphoric  acid.  The  same  substance  is  met  with 
in  the  ashes  of  blood,  and  in  all  the  fluids  of  the  body.  In 
the  bones  of  the  most  perfect  animals  there  is  only  a  little 
fluate  and  carbonate  of  lime,  but,  as  we  descend,  the  quan- 
tity of  carbonate  increases,  until,  in  the  testaceous  and  crus- 
taoeous  tribes,  it  occupies  the  place  of  the  phosphate.  Still 
lower  in  the  scale,  and  on  its  confines  with  inanimate  matter, 
the  calcareous  earth  itself  disappears,  and  is  replaced  by  si- 
lica. The  phosphoric  acids  are  in  the  same  predicament  in 
reference  to  accessary  atoms,  as  the  sulphuric ;  and  the  phos- 
phone  acid  of  a  molecule  of  glacial  phosphoric  acid  may 
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we^h  from  90,  which  is  its  naked  weight,  to  105,  according 
as  it  is  pure  or  fully  charged  with  atoms ;  and,  supposing  that 
the  earth  of  bones  consisted  of  two  particles  of  Ume,  and  one 
of  glacial  phosphoric  acid,  the  quantity  of  lime  on  100  of 
acid,  would  vary  from  88  to  76.S,  according  to  the  condition 
of  the  acid.  Or,  if  we  suppose  it  a  phosphate,  composed  of 
twe  puticles  of  phosphoric  acid,  one  on  each  pole  of  a  par- 
ticle of  lime,  the  quantity  of  base  on  100  of  acid  will  vary, 
according  to  the  condition  of  the  acid,  from  111  to  96.2 
parts. 

It  seems  probabfe,  however,  that  the  real  earth  of  bones  is 
neither  the  one  nor  the  other,  but  a  compound  of  a  ceitaia 
phosphorous  add,  consisting  of  a  particle  of  water  in  the 
centre,  with  three  of  phosphoric  acid  on  the  alternate  seg- 
ments of  the  equator,  and  two  of  phosphorus  on  the  poles, 
with  a  particle  of  lime  on  each  pole.  This  is  a  very  perfect 
and  symmetrical  form,  and  would  agree  well  enough  with 
affldyses  which  are  all  different  from  each  other.  But,  while 
this  substance  is  somewhat  beyond  the  reach  of  a  satisfactory 
analym,  there  seem  to  be  a  great  many  combinations  of  lime 
and  phosphoric  acid.  Nor  is  their  production  in  nature  con- 
fined to  animal  bodies  :  a  very  interesting  mineral  which  as- 
sumes highly  perfect  crystalline  forms,  occurs  in  nature, 
named  Apatite,  which  is  composed  wholly  of  phosphoric  acid 
and  lime.  To  this  mineral,  also,  different  ratios  of  composi- 
tion have  been  given  by  different  analyses. 

Borate  of  Lime.  Datdite. — This  mineral  occurs  crystal- 
lized, and  also  in  compact  masses,  along  with  iron-ore  and 
limestone,  in  primitive  rocks,  and  also  with  fluor,  quartz,  preh- 
nite,  &c.  Its  analysis  indicates  very  accurately  that  it  contains 
the  same  relative  quantities  of  lime  and  boracic  acid  as  the 
highly  crystalline  borax,  which  has  8  particles  of  soda  to  1  hy- 
dro-quinate  molecule  of  acid ;  and  to  each  such  molecule  of 
borate  of  lime,  4  particles  of  silex,  and  2  of  water,  that  is,  a 
particle  of  hyalite,  is  added. 
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Tnientio. 

Kk|iffoai's  Analysli. 

Boracic  aciil. 

215* 

215.3 

fame. 

8S0* 

820 

Silica, 

890« 

328.48 

Water, 

36» 

38 

Weteht, 

8fl 

Aruniaie  of  Lime.  PharfnacoBie.'^Ume  occurs,  though, 
nirely,  along  ¥rith  anenical  minerals,  united  to  the  arsoie 
acid.  Its  composition  is  somewhat  differently  stated;  but 
there  can  be  little  doubt  that  it  oonnsts  of  one  partide  of  thv 
molecular  acid,  and  two  of  lime,  in  a  structure  analogous  to  the 
phoqihate.  That  from  Andreasbei^,  analyzed  by  John,  gave 
140  acid,  and  84  of  lime ;  while  the  mean  of  all  the  tfaicr 
phamunolites  analyzed  by  Klaproth  and  John,  and  the  pi* 
crophaniiacolite  (which  contains  a  particle  of  magnesia  to 
eirery  two  of  pharmaoolite),  analyaed  by  Strom^er,  givvt  Mfr 
add,  and  75.2  of  lime.  The  true  ratb  is  about  the  mean  of 
these.  All  the  analyses  indicate  about  24  per  cent  of  water, 
which  is  equivalent  to  6  partides.  This  mineral  has  muck  the 
af^searance  of  white  arsenic,  but  it  is  insduble  in  water,  and^ 
before  the  blowpipe,  melts  into  a  white  enamel* 

Oxalate  oj  Lime. — Lime  occurs,  somewhat  abundantly,  iu 
the  fronds  of  the  crustaoeous  lichens,  united  to  oxalic  add. 
The  oxalate  is  also  obtdned  in  the  laboratory  by  the  affusioo 
of  oxdic  add  upon  a  salt  of  lime ;  and  as  the  oxdate  formed 
io  a  neutral  solution  is  perfectly  insoluble,  the  oxdic  add  be^ 
comes  a  vduable  test  of  the  presence  of  lime.  In  the  powdery 
it  appears  that  there  arc  also  two  particles  of  water  presenti 

The  composition  of  oxdate  of  Kme  is  stated  by  Dr  Tbiwiw 
son. 

Tim  ratio. 
Oxalic  acid,  .        45    or    dO  60 

Lime,  .         .         35  39  40 

Water,  22.5        25  24 


(     438    ) 


SILICON  AND  StLEX- 

Whbk  describing  the  structure  of  the  Tadiantmediiiaiy  it 
was  shewn  that  eight  atoms,  circtimscrifaing^aiioetaedni-MU 
▼ity  (of  which  four  are  represented  in  Fig.  SS;, tho^gkllw 
atoms  are  much  too  dose  logether)^  mighk  berdgaordedtti  ks 
mnlecale.  Of  all  the  forms  of  theunivetae^  this^idiaii^imiqf  be 
regarded  as  the  moat  extensively  diffused ;  and' though^  in  tho 
radiant  medium  the  asoma  are  pvevented  finom  caberingt'^yet 
wheie  atoma  are  suflciently  near  eaob  other^  this  tfbnn^^ 
poaed  of  eight  atoms^  with  an  oetaedBBl€ayity,tmay:br 
stantly  expected.  It  is  that  wfaidi  bears  the  mosti 
rdatiyoDship  to  the  matter  Irindi  occupies  thecfhatial^ 
and  this,  as  well  as  the  ease  with  nUdi  atoma  maytgmop.iB 
tins  form,  will  induce  to  its  evohition.  It  is  vify.natnral  to 
assume- that  ibis  body  (liga.  8.  and  the  three  fekkxlg'witb 
Fig.  84^)  must  be  siUooo,  whidi  is,  of  all  JmhWancesrin  the. 
earth,  by  for  the  most  umTersdly  cBflbsed.  In  ita.atateof 
quiescent  union  with  oxygen,  it  wholly  constitiitea  rodbaJSN 
tal,  quarti,  and  all  sorts  of  flinty  stones,  and  rock^  IdAtfek 
fore  enters  largely  into  the  constitution  of  granite,  gneiss,  mica- 
slate,  sand,  sandstone,  soil.  In  a  word,  silica  is  of  iinivenal 
diffusion,  and  is  for  more  abundant  in  the  crust  of  the  earth 
than  any  other  mineral  whateyer.  Neither  is  it  exduded 
from  organized  bodies.  In  plants  it  is  met  with  in  consider, 
able  abundance.  There  seems  good  reason  for  believing  that 
culmiferous  plants  derive  much  of  their  strength  from  a  neU 
work  of  silica  interwoven  with  thar  tissue.  In  some,  aa  the 
EquiHhsm  hiemaky  it  is  so  abundant  that  they  are  used  as 
files  for  polishing  ivory.  In  others,  again,  as  certain  ham- 
boos,  little  silidous  concretions  are  found  in  certain  r^ions, 
constituting  the  well-known  substance  Tabasheer,  so  remark- 
able for  the  small  bending  which  it  occasions  to  a  ray  of  li^t 
entering  its  substance.  There  is  something  very  peculiar 
in  the  form  now  ascribed  to  alicon.  All  the  others  that 
have  yet  been  described,  belong  either  to  the  temate  or  the 
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quinate  gystem.  Silicon,  on  the  other  liand,  is  obvioualj 
quaternate,  and  will  not  accommodate  itself  either  to  the  one 
or  the  other.  Now  silica,  in  its  halnts  with  most  reagentSi 
suits  our  expectations  in  these  matters,  for  none  of  the  bodies 
hitherto  described  are  capable  of  uniting  with  silica  in  any 
notable  manner. 

Silicon,  the  base  of  silica,  has  hitherto  been  procured  only 
in  small  quantities,  and,  even  when  deprived  of  its  oxygen, 
and  consequently  its  electrical  quiescence,  it  does  not  shew 
the  same  urgency  to  unite  again,  even  with  oxygen,  that  the 
other  bases  of  alkalies  and  earths  do.  Even  when  in  a  diffuse 
mass,  it  does  not  decompose  water  at  212 ;  and  when,  by  the 
application  of  heat,  its  particles  have  been  condensed  into  m 
symmetrical  arrangement,  its  indifference  to  entering  into 
union  is  still  more  remarkable.  It  is  no  longer  oombustiUe 
in  common  and  vital  air.  Neither  is  it  acted  on  by  any  add 
(except  tlie  fluoric),  and  it  combines  reluctantly  with  the  me- 
tals. It  may  be  heated  to  redness  along  with  nitre,  without 
deflagration.  It  is  not  affected  by  solutions  of  the  alkalieii 
neither  does  the  flame  of  the  blowpipe  fuse  it  To  judge  from 
its  form,  indeed,  one  would  suppose  it  more  infusible  than 
carbon.  It  is  combustible  in  the  vapour  of  sulphur,  potaa- 
sium,  and  chlorine.  A  bit  of  silicon  is  a  mass  of  a  chesiiut- 
brown  colour,  which  has  an  earthy  touch,  and  no  metallic  lus- 
tre. This  very  interesting  substance  has  only  lately  been  in- 
sulated,  by  the  great  skill  of  Berzelius,  in  sufficient  quantities 
to  ascertain  its  properties.  In  the  accessible  parts  of  the 
globe  it  seems  generally  to  occur  united  to  oxygen,  and  it  is 
in  this  state  of  union  only  that  the  chemist  obtains  it  in  ana- 
lysis. 

Now,  neither  five  nor  two  particles  can  be  admitted  around 
one  of  oxygen,  so  as  to  give  rise  to  a  form  of  such  symmetry  as 
in  the  other  cases  of  the  union  of  bases  which  have  been  noticed. 
Five  are  impossible,  and  two  on  opposite  sides  form  a  very 
straggling  body,  of  so  little  symmetry,  that  if  there  were 
other  three  in  the  neighbourhood,  consisting  of  one  particle 
of  silicon  united  to  one  of  oxygen,  they  would  certainly  re- 
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themwkiMtd  stetai  «r  live (Mim^bf^  tfaBfcnr 
kg.  TUs  gh«8  riie  to  m  form  of  vcfy  iOadaUit-mfmmtitrj 
(Kg.  84)  ani  most  pieuli«r  dmMmm^'  Iteatomipwgi^  b 
80  ItimpowJ  rf  40*  «Im»  >^  «a^iwygMi>"Tlm'WkjigtH  awl 
riliDOB am ooMeqaortly  ia-eqiml  j^aaMiljr*'^ TUr^agMat^al- 
moatezacdy  with  the  ratio  cS  Bendloa^  irhidi  is  404dioMI 
a^4a4axygw  IflmirvboMlf  banMtt^iwirflltl^ 
fci  oonsiiquf  nwi  rf  its  onrailaUe  foim^  in^disMiid  for  aMniag 
into  uason  with  othortedios.^  Bat  ftomrthib^itiiiMNdd  adt 
•foUovthal  mtkm^JtMMfbamfitiilf^^^ 
fito  dm  eonsaii^poko  of  dm^ifK]^gMi'tlMSih*^4i0^^  is  mait 
iqp  aoid  bodieS)  :aiid  had  theaa  Iwon  lipaaiid,  lilicja'  hid  iJWMi 
whyaott^aokitiDOi  hjfr  asids  HkeoChar  aarthy 'bodiesi  %  b 
iohe  fimtiosd^  IwiMvcn'that  such  is  Aemly  {K^Mito  MtM- 
tiin^of  asjmmatrical  amleoule  o#  alioa»  that  irhSe-tben  iiAfe 
tsribf  4i¥e  particlas  of  ttliea*  all  titfe  dght  }i^ 
an  aomplsldiy  pnitoetod'  from  the/  aoacsi^of  miy  bctfy-wllai- 
aisar I  So  that  silioa, adll  miMltaar liioaiH'ia adapted  ftr'H 
psrmanfsit  cmstaica  fa  dia  midst  tfaeiteBt  ttenstraai '  - 
( >  It  laqniias  two- such  aaoleciilas  So  ooiwaitirtaaform  |>tfftrt- 
If  sjiaafcmkiil)  hence  we  awy  oftcii CTpcct  ti>^fiiid  dlM'^au 
isdng  akx^  with  other  earths,  in  ciystalline  bodies,  in  dSoiAle 
molecules ;  and  as  there  are  four  r^fioas  of  attachment,  other 
bodies  will  be  distributed  around  the  single  or  ddaUe  mole> 
cule  of  silica,  so  that  their  sum  is  four,  and  not  either  three  or 
five,  according  to  the  numbers  defeloped  in  otfier  cases. 

But  while  such  are  the  characters  of  a  perfected  mcdeenle 
of  nHea,  we  may  also  r^ard  it  in  the  nascent  or  imperfect 
state  in  which  one  particle  of  silicon  is  attached  to  one  of 
oxygen.  In  this  condition  it  possesses  a  great  analogy  to 
aod  forms,  and,  like  others  which  hate  a  particle  of  oxygen 
exposed  in  a  similar  way,  may  be  expected  to  be  scduUe  in 
wateTi  Into  this  condition  also  silica  is  probably  resdved, 
at  least  in  part,  whai  it  unites  with  die  fixed  alkalies,  so  as 
to  form  glasSb  Now,  Berzelius  found  that  nascent  sIGcm  dif* 
fered  rensarkably  from  the  earth  of  flints-  in  its  properdes. 
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It  b  to  soluble  in  water  thai  the  aolutioD,  after  doly  a  slight 
evaporatioii,  gdatinized. 

Slica  is  usually  obtained  for  the  purposes  of  experiaent, 
by  destroying  the  crystalline  structure  and  cohcsiop  of  a 
piece  of  quarts  or  rock-crystal,  which  is  wholly  composed  of 
this  earth.  In  what  state  of  aggregation  it  is  obtamed  is  not 
known,  but  it  is  a  meagre  gritty  earth,  of  a  snow-white  colour, 
insoluble  in  water,  and  even  refusing  to  become  plastic  with 
it  Its  affinity  for  water  is  not  very  great,  for  all  its  hydrates 
are  decomposed  by  a  red  heat,  and  their  number  is  very 
great  Its  most  interesting  relations  in  chemistry  and  the 
arts  are  those  which  it  bears  to  the  fixed  alkalieSi  A  strong 
alkaline  ley  dissolves  nlica,  and  a  compound  results,  named 
Liquor  mlicum,  which  ranges  in  solubility  from  that  which 
melts  in  coU  water  to  the  most  permanent  glass,  according  to 
the  quantity  of  silica  present.  Glass,  then,  is  a  compound  of 
silka  and  a  fixed  alkali.  It  is  probable  that  the  individuality 
of  both  is  destroyed,  and  that  the  silicon  and  sodium,  if  soda 
has  been  used,  are  grouped  around  the  oxygens,  so  as  to  pro- 
duce the  arrangement  most  quiescent  in  the  circumstanoes  of 
combination.  Glass  has  a  conchoidal  fracture,  and  exhibits  no 
traces  of  crystallization.  But,  when  suddenly  cooled  from  the 
outnde,  a  bit  of  glass  remains  permanently,  of  diflerent  densi- 
ties ;  it  acquires  individuality  of  form,  and,  consequently,  dif^ 
ferent  repulsive  states  in  different  r^oiis,  and  gives  colours 
with  singled  light,  similar  to  those  afforded  by  truly  crystal* 
line  bodies.  When  cooled  very  slowly,  it  becomes  more 
tenacious  and  opaque,  as  if  alumina  bad  entered  into  its 
composition. 

HydraU$  ofSUiea. 

Silica,  in  union  with  water,  forms  a  great  many  hydrates, 
some  of  which  are  found  in  nature,  and  some  are  produced  in 
the  laboratory.  But,  unlike  many  other  bodies,  silica,  in  com- 
bination with  water,  is  much  more  averse  to  crystallization 

Ke2 
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than  when  dry,  and  reminds  us  of  thoK  mercwgaiiiied  masset 
which  are  met  with  on  the  confines  of  the  organiaed  and  in- 
organic kingdoms,  investing  nuclei  or  filaments,  whotft  or- 
ganized structure  is  more  unequivocal. 

The  beautiful  crystalline  forms  of  rborotioidal  or  common 
quartz,  are  either  anhydrous,  or  contain  a  moat  minute  qiMi- 
tity  of  accidental  water.  But  the  different  siibstanoea  which 
refuse  to  assume  the  crystalline  form,  and  are  grouped  in  the 
species  named  Uncleavable  Quartz,  are  all  regular  hydrates. 

Thus,  common  opal  oHisists  of  three  molecules  of-  silica 
around  one  of  water,  according  to  the  usual  arrangemeot 
An  opal  found  in  the  graphite  mine  of  Pfafifenreith  proves, 
from  the  recent  analysis  of  Schwitz,  to  be  composed  itf  silica 
symmetrically  hydrated ;  that  is,  every  particle  being  sup- 
plied by  four  of  water,  or  perhaps  with  one  of  the  four  com- 
mon to  two  contigtious  particles  of  silica.  Besides  these,  se- 
veral other  hydrates  may  be  prepared  in  the  laboratory: 
thus  two  hydrates  may  readily  be  procured  by  disengaginjg 
silica  from  soda  or  potash,  with  which  it  has  been  fused. 
When  a  small  quantity  of  water  is  used,  one  is  obtained, 
which  is  insoluble,  and  consists  of  one  molecule  of  silica,  and 
two  particles  of  water.  When  a  large  quantity  of  water  is 
used,  a  soluble  mass,  which,  by  evaporation,  becomes  gelati- 
nous, is  obtained.  When  a  mass  of  this  substance  is  left  in 
a  natural  temperature  for  some  weeks,  it  becomes  a  hydrate, 
analogous  to  the  mineral  found  in  the  graphite  mine  of  Pfaf- 
fenreith,  and  containing  accurately  four  particles  of  water  to 
one  of  silica.  After  exposure  unbroken  upon  the  filter  for 
six  weeks,  Dr  Thomson  found  silica  2,  water  1.207 ;  or  silica 
80,  water  48.28,  four  particles  being  48.  The  beautiful  mi- 
neral. Hyalite,  which  is  met  with  in  the  cavities  of  wacke  and 
other  analogous  rocks,  and  is  so  limpid  that  it  is  almost  in- 
visible, is  composed  of  a  double  molecule  of  silica,  and  a  par- 
ticle of  water.  Precious  opal,  so  remarkable  for  its  play  of 
colours,  consists  of  two  double  molecules  of  silica,  and  a  ter- 
nate  molecule  of  water.     Menilite  is  a  true  hydrate,  consisting 
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ct  a  particle  of  each,  and  luch  also  fleems  to  be  the  structure 
ct  Bemi-opal  *. 

Besides  these,  there  are  many  other  minerals  constituted  in 
a  great  measure  of  silica ;  but  alumina,  lime,  oxide  of  iron, 
aoda,  and  potash,  also  enter  into  their  compositioo ;  and  when 
the  resulting  form  is  symmetrical,  there  is  evefy  reason  to  be- 
liere  that  the  distribution  of  these  substances  is  symmetrical, 
and  that  the  molecules  are  large.  Most  of  the  coniqpicuoas 
minerals  of  the  system,  however,  seem  to  possess  a  very  sbn- 
jde  structure,  and  some  of  them  will  be  noticed  when  treating 
of  alumina,  which  most  generally  enters  into  imioQ  with  si- 
lica. From  a  few  of  them  alumina  seems  to  be  almost  wholly 
excluded.  Thus  Okenite,  a  species  of  aeolite,  consists  almost 
entirdy  of  silica,  lime,  and  water,  apparently  a  particle  of 
each,  and  two  of  water  f.    There  is  another  very  well  known 


*  It  IB  easy  to  be  conceived,  that,  bj  fuperfidal  lots  or  othenritei  fcbe 
water  in  these  minerals  might  be  somewhat  under  rated.    The  anal/i 

give  the  following  numbers  : 

TnM  Ratio. 
CoMMOV  Opal 

Silica,      .  240^  t40 

Water     .  1S«  11. 


Htahte. 

SfUca,     . 
Water, 

160^ 

160 

Pbscious  Opal. 
Silica,    . 
Water, 

320^ 
36» 

'  320 

Menilite. 

SiUca,     . 
Water, 

80* 

80 

Htdrate  of  Silex,  fron 
Silica,     . 
Water, 

1  Pfkffenreith. 
80*» 
48* 

80 
43.6 

or, 

Silica,     . 
Water, 

1G0« 
847 

160 
87.8— ^cAfHto. 

t  Silica, 
Lime, 
Water, 

80'» 
40» 
24* 

80 

38.2 

246— JToftf/A 
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mineral,  named  Table  Spar,  wbkh  contains  little  dse  than 
silica  and  lime.  It  seems  extremely  probable  that  lime  should 
dissolve  the  mlica,  and  that  a  miited  molecule  should  result, 
•in  which  one  paitiele  df  lime  should  be  surrounded  on  its  qui- 
nate  parts  by  fite  pilrticles  of  ttastient  ^lica,  «a4  this  body 
unite  Iridi  anotb^  partible  of  1}me<*.  But  as  Ho  twodie- 
mists  agree  in  the  Results  of  the  snaly^  <if  such  nlnerals,  cik- 
eqpt  #hen  they  are  guided  by  certain  hypothetical  tiews,  to 
wfaicb  theb*  analyses  natmralty  cotiform  tbemselv^  -wis  need 
not  4»e  tob  curious  as  to  the  stttidlure  cf  the  molecules  dt  rmte 
eompdtind  minerds,  M4ieA  ve  have  ile  better  guide  than*  the 
renduarjr  matter  obt^ed  by  thcAr  deistruetion.  Like  carben 
and  hydrogen,  thie  affiflfities  of  die  earths  fer  each  other  wxe 
such  that  a  multitvKle  of  ratios  maybe  estaMished,, jdl  of 
which  are  natural ;  and  it  is  only  in  the  mcM  abundant  mi- 
nerals that  we  need  expect  a  simple  structure.  There  are 
other  minerals,  such  as  the  crysdite,  olivine,  and  serpentine, 
which  are  almost  wholly  composed  of  olica  and  magnesia. 
The  crysolite,  analyzed  by  Vauquelin,  seems  to  have  con- 
sisted of  a  molecule  of  silex,  with  one  of  magnesia,  on  each  of 
the  four  arms^  two  molecules  being  united  by  a  particle  of  the 
oxides  of  iron  f. 

•  Table  Spar. 

Nascent  silica,    .        90^  90 

Lime,  .  80^  80.2  mean  of  the  analyses 

of  Klaproihy  Stromeyer^  Bose,  and  Bonsdorff. 


True  ratio. 

f  Silica, 

• 

w 

80 

Magnesia, 

• 
• 

104* 

106   Vaugueiin. 
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In  cbe  Minecilogical  SyaUm  of  Kohs,  thcte  k  m  gOMii 
mmed  Fluor^baioide,  indiiidiiig  two  ipacies  of  yoj  teatrnk- 
Me  chAnotefB.  One  #f  th«M  is  rbomboidal  flimrAalnkte 
or  apatite,  which  is  a  pbcMpbate  of  lime ;  the  other  is  ooCae- 
vbal  iuor-haloide,  and  this  is  known  to  ooosist  also,  of  liai^ 
as  a  hase  united  to  a  eertaio  sabstanos^  of  most  extmvdinaiy 
and  terrific  properties.  4s  it  occurs  in  nature^  the  ndnend 
is  heai^ul  and  innocent,  andfliiar«eparisoneof  thepretdast 
things  which  the  young  collector  finds  in  his  cabaiet  It 
usuallyoccurs  crystallised  in  tessular  forms,  whidi  am  some- 
times fery  highly  polygonal  Mr  Phillips  possessed  sercnty 
diffsivnt  eorts,  and  one,  had  all  its  fines  been  perfimt,  should 
have  been  included  under  8SS  planes.  The  colours  of  the  qm 
ace  also  very  fine,  and  have  gained  for  it  the  names  of  False 
Sapphire^  False  Emerald,  False  Amethyst,  and  False  Topaa. 
It  is  very  abundant  in  the  tin  mines  of  Cornwall,  and  the  lead 
mines  of  the  north  of  England.  In  other  countries  also,  such 
as  Saxony,  it  is  common,  but  in  Scotland  and  many  other 
places  fluor  is  a  rare  mineral.  The  granular  and  imperfectly 
crystalline  varieties  are  cut  and  polished  into  vases  and  such 
like  pieces  of  furniture,  and  certainly  Derbyshire  spar  is  a 
very  beautiful  thing  to  look  upon.  Neither  would  one  sup- 
pose that  it  contuned  any  more  formidable  ingredient  than 
marble,  rock^rystal  or  a  gem.  But,  on  pouring  oil  of  vitriol 
upon  fragments  of  fluor  contained  in  a  glass  retort,  certain 
fumes  are  disengaged,  which  speedily  dim  the  glass,  and  eat 
their  way  through  it,  and  if  the  least  quantity  chances  to 
touch  the  skin,  the  consequences  are  such  as  are  thus  de- 
scribed by  MM.  Gray-Lussac  and  Thenard :  *<  Of  all  the 
fMToperties  of  fluoric  acid,  the  most  extraordinary  is  its  action 
upon  the  skin ;  scarcely  has  it  touched  it  when  it  is  disor- 
ganized. A  strong  pain  is  soon  felt ;  the  parts  contiguous 
to  the  point  of  contact  arc  not  long  in  becoming  white  and 
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lOK^  and  m  littk  aftar  a  MiaUr  k  fiMrnwd,  whbaewaDa are 
^vUte,  vary  thick,  and  whidh  some  fiitie  «fte  Ittttab'  pu. 
However  amall  the  quantity  tif  mS,  (Bten  Mite<fl  U'MMdly 
viaUe»  dme  phenomena  equally  tdke^phM.'  WMe^&fAap^ 
flienti  bo«rever^takea plade  abwly. '^  f&is iMaMiBiMtftMiDr 
e%|it  boan  after  die  eoiMni«'when  'dwf  «rei  JiteMtt^ 
iMtniMiiiandkig,  tiieeoald  la  fctill'to*itf»atoirt^tiymitirtrtii  mtkh\ 
fefai,>  lake  away:  afeep,  and  g^w^Ae  flg«fc»Byj<^^Ttofaiy 
fmoautiona,  then,  oamiot  be  taken  tD^pcaaerveioi^ 
ihia«oid«  vhedMr  iriien  wiahlagtd  Tepatt'iiie  l«ea  iiiMiiii|^i 
«Ueh  it  ittiy  be  eicapuig,  or  when;'  haying  Tatodj  to»  unlieh 
iMi  the  tdbe  ia  nieltedy  and  one  wiflliea  to  tdi^  it  vwi^ 
adll  mote,  wheil  afW  the  i^eratkm  one  iriAee  "to  tt 
Oikener  than  "once  w#ba«(e  been-  eeverdyhurt^  and  wi^bacfie 
Been  eevenl  young  chemiMs  hurt  thtaedvee  etill  niote  giie- 
«rdudly,  although  forewarned  of  all  the  daagem.  ''There  wen 
paitMNdaily  three  whoee  foreBngcr^  and  thumb  idoUM 'hot  be 
ooied  in  lem  than  a  month,  and  yet-theee  (H^gana  had-'oaly 
been  a  few  aeconds  in  contact  with  the  4tid  in 'a  etite  MF'Va. 
^r.  It  is  mote  than  probaUe  that  th6y  had*  hMt'thidr  two 
Anigeni,  orat  least  had  preserved  theln^with  ^flBlblty,  V  a 
few  drops  had  fallen  on  them.  That  which  places  this  be- 
yond doubt,  is  what  was  shewn  by  a  little  dog  ***  •...»•••. ! 

Now,  it  b  very  interesting  to  observe,  that,  in  combinii^ 
with  silica,  to  which,  in  the  early  experim^ts,  this  sub^tanee 
would,  of  course,  be  exposed,  it  loses  much  of  its  virulentoe, 
and  thus,  in  destroying  the  chemist^s  apparatus,  it  saves  him- 
edf. 

All  the  phenomena  which  it  presents,  seem  to  indicate  that 
it  belongs  to  the  same  series  of  forms  as  silicon,  while,  at  the 
same  time,  it  gives  signs  of  a  relationship  to  phosphorus.  Al- 
though many  minerals,  when  heated,  phosphoresce,  in  ncme  is 
ihis  property  more  remarkable  than  in  fluor-spar,  and  its  na- 
tural connection  with  the  phosphate  of  lime  has  been  ahready 
etated.  Phosphorus  also  acts  upon  glass,  and  the  wound  occa- 
Aoned  by  its  combustion  is  not  a  little  analogous  to  that  ooca* 

*  Becherehes  Phjaico-Chemiques,  t  iL  p.  11. 
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^ned  by  fluoric  add.  There  are  three  forms  to  which  the 
mind  is  led  from  such  considerations,  which  are  externally 
isamorphous,  and  consist  of  a  particle  of  phosphorus  or  sul* 
phur,  united  to  one  of  silicon  on  its  pcJe,  (Fig.  86).  Their 
atomic  weights  are  severally  14,  15,  and  16,  nor  do  the  ex- 
periments which  have  been  made  on  this  formidable  substance 
place  it  beyond  doubt  which  is  the  true  one.  In  the  absence 
of  satisfactory  evidence,  we  may  assume  that  whose  weight  is 
15.  The  atomic  weight  of  fluorine  assigned  by  Beradius  is 
15406  -H  2.  This  form  seems  the  most  probable,  and  con. 
Msts  of  a  particle  of  silicon  with  three  of  hydrogen,  as  in  sul- 
phur, phosphorus,  boron,  &c.  &c,  and  a  single  atom  on  tbe 
other  pole,  as  in  phosphorus,  (Fig.  58).  When  the  oil  of 
vitriol  ift  poured  upon  the  fragments  o{  fluor  in  the  alembic, 
and  heat  applied,  the  decompoution  commences,  sulphate  of 
lime  is  formed,  the  fluoric  principle  comes  over,  and  if  the 
receiver  be  kept  very  cold,  and  the  spar  onployed  contain  no 
silica,  it  condenses  in  the  receiver  (which  must  of  course  coo* 
tain  no  silica),  in  the  form  of  a  limpid  liquid.  MM.  Gay- 
Losaac  and  Thenard  dropt  a  bit  of  potassium  into  this  liqiud, 
and  there  was  instantly  a  violent  detonation  and  a  vivid 
combustion.  The  laboratory  was  filled  with  vapours,  and 
nothing  was  left  to  examine.  Having  repeated  the  experi- 
ment  in  a  more  cautious  manner,  these  chemists  found  that  a 
remarkable  quantity  of  hydrogen  was  generated,  and  a  liquid 
remained,  which  fumed  and  became  crystalline  when  exposed 
to  the  air.  Distilled  in  a  glass  alembic,  this  crystalline  mass 
yielded  fluate  of  potassa,  water,  and  fluo-silicic  acid.  It 
seems  very  probable  that  part  of  the  fluorine  is  resolved  into 
hydrogen  and  silicon,  and  that  the  liquid  mass  operated  on 
connsted  of  quatemate  molecules  of  fluorine,  united  in  pairs 
by  a  particle  of  water.  This  water  would  afibrd  oxygen  to 
the  potassium,  and  would  disengage  some  hydrogen,  but  of 
this  substance  three  panicles  would  also  result  from  each  of 
fluorine  destroyed.  There  seems  nothing  against  the  develop- 
ment of  a  hydro-fluoric  acid  analogous  to  sulphuretted  hy- 
drogen, &c.  but  perhaps  it  is  not  notably  generated  during 
the  disengagement  of  the  fluoric  principle  from  fluor- si^. 


4i8  (Hr'VMPOUlIK 

phurie^  or  a  nd4iot  iron,  UnMy  mod  no  donbt  iiipit>f  en  'in 
gyuMnelry».by<nttyingin  w^pMrtifliei^  inHadl  «f  qnnlav. 
nm^ Into-'tke  nmom^poim of  a fMMkb  af- mtter  (Fig. €6). 
TUf  liydbvyAiaoleeob  ««£^  4|i^  md  fnhni^ydintad  -lif 
rfx wvlialflaiJBMnnd  tiM  ^anunftory  Mi4-pHilnUjr^cnM4 
pok^  ii  itiw  moiccnir  which  ki  Jiftmd  in  thu.  ■uhitimi  fci ' 
Inflh*  netnrt  Anom  vhieh  ihe  flnotio  nattor^haalMfli 
pgfjj  ■rilphrterf  JanaMilbnnili  MdwferfnwnlKiCtlBs  aoK 
fay  Sir  H.  Sm^'mI  liMdfawMrign  lhe>lanMr  1fF'4ijrnri 
thnhrtiUr  UH^^'M  ihn  anntib^^if  Amne  matter  oonfainad 
withMnfliBi^  Nov,  40  being  fhe  atomic  me^  df  Hnn, 
theee  aaalyne  pBbrd  a  TOiy  iUnog  oQafinnalion  of  die  ¥109 
whJeh  aewrnira  lg4o  be  the  atomic  wm^t  of  fluoriae  oran- 


dBoeA  ia'the  annnd  ayiieai,  and,  k  «mian  with  fime,  van  de- 
MDled^SeraelnaiaaoDeof  tfiecaaedUHOtsof  baMi  When, 
wdeed,  we  conekler  its  action  upon  the  Jiving  ifiboe^  ww-aie 
tempted  to  eondude,  that  the  virtu  of  certain  dieeaees  which 
is  developed  in  the  system,  by  the  original  introducdcm  of  a 
few  particles,  thus  disposing  to  their  devdopment  in  greater 
quantities,  from  needy  analogous  forms  previously  jeidsting, 
or  natural  to  «ur  organisation,  connsts  of  forms  perhapa  in* 
timatdy  connected  with  phosphonas.  But  fluoric  add  abo 
occurs  in  the  minend  kingdom,  united  in  notable  quantities 
to  soda  and  slumina  in  the  cryobte,  and  to  cerium  and  yttria. 
These  minerals  are,  however,  extremely  rare,  and  have  hither* 
to  been  fiound  only  in<3rreenland  and  Sweden.  The  cryolite 
is  from  the  fovmer  country,  and  is  stated  by  VauqueUn  to  be 
composed  in  100  parts  of 


True  Ratio. 
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It  has  attained  the  naacie  of  CryoUle  finpm  ila  icy  i^ipear- 


2\fm:i^*^TbiB  iniiieial  ii  reMiflftd  iotttrettiiigr  iioi-€Ql]it«n 
ilBooaDt  of  ita  value  as  a  gpon,  but  because  it  CQtars  jDto.ltie 
aNDposkion  of  certain  jooks.  From  ita  analyMs,  it  noomn 
to  oanaist  of  one  pactiick  of  iuom^acidy  onerof  iiUiGa»  and;fii|e 
of  alumina,  or  it  is  ejanite  (as  indicated  by  the  amly'f 
of  Laugier)  usth  a  particle  of  fluocio  acid  added  l»  etob 
■Milecttle.     The  topaa  of  Schneckenitein  yielded    . 


Hilka,. 

80 

ao^ 

Fluoric  «cid» 

19 

i£^ 

Alumina, 

.    Its 

190< 

Fkioric  acid  also  occurs,  in  minute  quantities  in 
lepidolite,  hornblende,  apapfayllite,  wavdlite,  and  others.  But 
^iriiether  it  always  survives  the  rude  treataMnt  of  .analirm, 
cv  is  discof«rad  where  it  eziats,  may  perhaps  be  queatioMd. 
In  ithe  laboratory,  it  fbnas  two  very  inteieatiag  rompoundn 
fsith  silica  and  boracic  aoML 

Fluo-^tRcic  Acid  Gas. 

When  sand  or  glass,  or  other  'Sihoeous  bmss,  is  wii^glftH 
mpith  fluor,  and  vitriol  infused,  a  gas  oomes  over,  pnmrising 
very  different  properties  from  duoric  fumes*  It  docs  mH 
corrode  glass  vessels,  provided  they  be  dry,  nor  is  its  aodon 
on  the  animal  system  so  violent,  thou^,  as  might  be  expeotad, 
ft  is  still  very  destmctive  to  animal  life. 

It  has  been  already  stated,  that  two  {NOtickaxif  ailez  aae 
requisite  to  form  a  symmetrical  molecule,  and  that  in  ^fft^wwl 
bodies  it  seemed  very  often  to  exist  in  binate  UKilecules.  Theve 
can  be  little  doubt  but  it  exists  as  such  in  those  siliceous  mate- 
rials used  to  prepare  fluo-silicic  acid  gas.  Now,  if  .such  double 
molecule  received  a  particle  of  fluorine  on  each  of  its  six.siU- 
ciferous  regions,  it  is  evident  that  a  very  symmetiioal  foam 
would  result.     But  on  entering  the  gaseous  state,  it  seems 
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n&trimjptdbMt^iim  tUr ftno  dMNdd,  ■ooaerarvktef^  bcMk 
up  into  two^  as  in  the  euetif  photphnfettad  bydrage%'Md 
fhe  gMeous  volume  be  oooititnted  dt  equal  mcnauM^  or  in 
j^ual  nunber  of  mid^  pwlioleiy  the  eiier^«onlataing  4inoe  as 
nuoh  fuorine  as  the  other,  and  bocih  «fttfli^^ 
pose  no  waters  pwssnt,  oneof  ifae  partfahs  of  jygg  wM  haiea 
wpaitiek  of  fluorine  oo  each  tpole^  die  olbef  partide  of  • 
itte^on^^eariiof  hs  fbur  equatorial  ams.  /  Nmsasto-lbo 
cifle  gmvitj  of  this  mtJDsd  fluo«liac  gas,:it  does  not  adnrit of 
a  doubt,  that  the  densiljF  of  ihe  particles  mil  be  only  half  m 
intense  as  in  hydrogen,  nitrogen,  fcc.'  It  is  thenibfe  am^ 
kguus  to  aminonia  and  the  hydnicidi.    l%eaperifiognm^of 
iti  two  parts^  thoiy  will  be  aeoertioned  in  a  rude  way  by  divide 
ing  half  tbor  atoBBc  weight  by  dua  of  ooniiaDMNi  air«  Noirlhe 
atomio  weight  of  die  heaviest^  or  duit  i^hioh  oontainafeor 
particles  of  fluorine^  is  140,  oeaqiosed  of  80  ailes  +  ttk» 
(4  X  15)  fluorine;    The  atoode  ^wei|^t  of  <the.  lighter  gasi 
agalBi'iBi  110^  cenpossd  of  80  silex  and  80  fluorine.  Balf^die 
UMiafr  of  Ibeae  divided  by  flO.4,  wUeh^  is  the  atonde  miBibar 
ftr  eommon  titf  gives  a  specific  g^Mvi^  of  &06L  •  But  wveiy 
pair  of  particke  b  sulgect  to  the  inddenoec^  six  timee  ditee 
aooidental  atoms,  for  every  particle  of  fluorine,  like  one  of 
phosphorus  or  sulphur,  has  three  ooocave  regions  exposed  to 
the  access  of  radiant  matter,  and,  if  fully  duurged,  a  quandty 
must  be  added  to  the  specific  gravity  found  by  dividing  the 
half  of  eighteen  by  the  atomic  number  for  oommoo  air,  and 
this  gives  an  addition  of  .441.    Without  a  knowledge  of  its 
exclusive  power,  and  to  what  extent  it  really  does  become 
diarged,  we  cannot  condescend  more  minutely ;  but  on  these 
data,  the  specific  gravity  of  the  dry  gas  fully  charged  with 
atoms,  disregarding  its  exclusive  power,  might  be  8.6.  Judg- 
ing from  the  low  refractive  power  of  silica,  and  the  analogy 
of  this  gas  with  sulf^ureous  arid,  we  should  not  be  disposed 
to  allow  any  thing  for  exclusive  powar ;  but  in  such  pcmde- 
rous  unnatural  gases,  it  seems  to  happen  that  the  density  is 
not  always  exactly  a  multiple  of  that  of  other  gases ;  and  be- 
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ndes,  the  presence  of  a  little  water  would  alter  its  ipecific 
gravity.  Dr  Davy  found  the  specific  gravity  8.5785,  and  Dr 
Thomson  found  it  8.6.  So  far,  then,  there  is  nothing  un£i* 
Tourable  to  this  view  of  the  structure  of  fiuo-silicie  acid  gai^ 
When  it  meets  with  aqueous  vapour,  those  white  fumes  ap> 
pear  which  seem  always  to  be  presented  when  a  particle  of 
vapour  in  the  air  perches  upon  a  trisedral  pole.  The  acid 
has  also  such  affinity  for  watw,  that  between  three  and  four 
hundred  times  its  volume  are  absorbed  by  that  liquid. 

There  can  be  little  doubt,  that  immediately  on  coming  in 
contact  with  water,  the  fluorine  is  converted  into  hydro-mola- 
cules,  such  as  are  met  with  in  cryolite,  and  were  supposed  to 
exist  when  the  free  add  is  dissolved  in  water.  There  will  be 
a  moment,  then,  in  which  the  sikx  will  partly,  at  least,  be 
abandoned  by  the  fluorine.  Now,  it  is  most  natural  to  suppose 
that,  during  this  evolution,  a  compound  will  be  instituted, 
consisting  of  two  particles  of  hydro-fluoric  add  (Fig.  46.),  one 
on  each  pole  of  a  particle  of  silica,  a  regularly  constituted  b». 
hydro-fluate  of  ^lica,  analogous  to  the  binoxalate  of  potassa. 
If  we  suppofte  all  the  fluoric  add  to  be  engaged  in  this  wi^, 
a  fourth  port  of  the  silex  of  the  gas  must  be  set  fret,  and 
being  insoluble,  must  precipitate.  There  are  only  six  partides 
of  fluorine  to  two  of  silex,  or  12  to  4.  But  12  give  rise  to 
6  hydro-2-molecule8,  which  can  only  charge  three  of  silex,  so 
that  the  fourth  must  go  down.  100  inches  of  the  gas  are 
found  to  weigh  about  109  grains ;  therefore  44  will  weigh 
about  48  grains.  Neglecting  every  thing  but  the  essential 
constituents  of  the  gas  according  to  the  view  here  given,  it  is 
composed  of  silica  and  fluorine,  in  the  ratio  of  80  of  the  for. 
mer  and  45  of  the  latter ;  and,  therefore,  contains  about  80.7 
grains  of  silica,  and  17.3  of  flucxine.  During  absorption  by 
water,  then,  ^  =  7.67  grains  ought  to  be  deposited,  but  the 
collection  of  the  whole  must  be  extremely  difficult.  Now,  Dr 
Davy  found,  that  when  44  inches  of  fluo-silidc  add  gas  were 
absorbed  by  water,  7.88  grains  of  alica  were  deposited,  which 
is  as  near  to  this  theoretical  deduction  as  could  be  expected. 


446  OF  FLUORINE. 

BeneUus  mentions,  however,  that  a  third  part  of  the  ailex 
originally  in  the  gas  is  let  go.  In  a  form  of  so  delieate  a 
structure,  it  is  only  to  be  expected  that  different  results  should 
lie  obtained  in  different  hands,  more  especially  when  we  cob. 
Oder  that  a  highly  synunetrical  molecule  may  result,  composed 
of  a  double  molecule  of  silex,  with  a  particle  of  hydnKfluoric 
add  on  each  of  its  six  poles,  into  whidi,  were  the  whcde  solu^ 
tion  to  be  resolved,  one  half  of  the  silica  in  the  gas  must  be 
let  go. 

But  when  the  gas  is  exposed  to  absorption  by  water  of  am- 
monia, the  whde  of  the  silica  is  disengaged.  In  these  cir- 
cumstances, then,  44  inches,  according  to  the  structure  here  ad- 
vanced, ought  to  discharge  80.7  grains  of  nlica,  and  Dr  Davy 
(with  whose  experiments  those  of  Dr  Thomson  agree  very 
closely)  found  that  44  grains  absorbed  by  ammonia,  let  go 

299. 

This  liquid  substance  is  powerfully  acid,  reddens  vege^ 
table  colours,  and  emits  fumes  when  exposed  to  the  air.  It 
goes  also,  in  some  form  or  other,  into  union  with  bases.  Its 
atomic  weight,  exclusive  of  water,  which,  however,  is  evidendy 
essential  to  its  constitution,  is  140 ;  water  included,  it  is  164. 

Fluo-horic  Acid  Gas. 

Though  boracic  acid,  a  substance  already  noticed,  in  the 
molecular  state,  be  highly  fixed  in  the  fire,  yet,  in  individual 
particles,  as  often  happens  in  other  cases,  it  is  of  a  volatile  na- 
ture ;  and  if  we  could  conceive  fluorine  nascent  along  with  it, 
it  seems  very  highly  probable  that  a  particle  of  boracic  acid 
should  receive  three  of  fluorine  into  its  three  concaves  on  the 
equator,  and  the  compound  particle  thus  generated  ascend. 
It  is  a  quaternate  molecule  of  two  nearly  allied  bases ;  and  there 
are  three  particles  of  oxygen  present,  so  that  it  will  evidently 
be  a  very  powerful  acid.  Like  other  analogous  forms,  the  gas 
will  be  half  the  common  density,  and  every  particle  will  be 
subject  to  the  incidence  of  nine  accidental  atoms.  Its  exclu- 
sive power  will  probably  be  very  small,  and  its  specific  gravity 
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may  be  approximated  by  ocmparing  hi  atonic  ^ weight  wilh 
that  of  common  air.  Acocndiiig  to  the  view  whieh  has  been 
assumed,  its  atomic  weight  is  88  composed  of  cme  p«Ptiele,  of 
boracic  acid  48,  and  three  of  fluorine  46.  To  this,  nine  most 

be  added,  in  attempting  the  qMcific  gravity,  and  lLt.^±^= 

48.5  must  be  divided  by  S0.4,  to  find  the  specific  gravity. 
This  gives  2.8T7.  Now,  Dr  Davy  found  the  specific  gra.. 
vity  of  fluo-borii\  or  fluo-boracic  add,  experimentally,  to  be 
2.3709 ;  and  Dr  Thomson  makes  it  2.3622 ;  both  of  which 
agree  as  closely  with  that  deduced  by  hypothesis  as  there  is 
any  occasion  for. 

This  acid  is  very  impatient  of  the  gaseous  state,  and  water 
absorbs  about  700  times  its  volume.  The  resulting  liquid  is 
intensely  acid,  and  of  an  aspect  like  oil  of  vitriol.  It  is  ex- 
tremely probable  that  a  hydro-5-molecule  is  instituted  ana- 
logous to  phosphoric  add,  in  which  perhaps  the  three  par- 
ticles of  oxygen  arc  even  transferred  from  the  pole  of  the 
boron  to  the  equator  of  the  water  in  which  the  boron  is  in- 
serted, and  the  three  particles  of  fluoric  inserted  into  the  oxy- 
gen. But  whatever  be  the  arrangement,  the  fluo-boradc 
acid  unites  'readily  with  bases,  is  very  caustic,  carbonizes  ve- 
getable substances,  and  acts  upon  colours  like  cnl  of  vitriol 
itself. 

Fluo-boracic  acid  is  not  decomposed  by  being  passed 
through  a  tube  containing  red-hot  iron,  but  readily  yiekls  its 
oxygen  to  potassium.  When  heat  is  applied  to  a  bit  of  potas^ 
aum,  with  an  atmosphere  of  fluo«boracic  add  over  it,  com- 
bustioD  ensues,  similar  to  what  might  be  inferred  to  take  place 
if  an  atmosphere  of  boradc  add  only  were  over  it.  The  re- 
soluUoa  is  very  simple  and  complete.  Every  partide  of  fluo^ 
boracic  add  contains  three  of  oxygen  and  three  of  fluorine; 
hence,  when  the  potassium  demands  the  oxygen,  the  three 
partides  of  caustic  alkali  generated  are  immediately  supplied 
from  the  same  particle  of  fluo-boracic  add,  with  three  of  fluo^ 
rine.  Thus  thfee  of  dry  fluate  of  potassa  are  generated,  and 
one  of  boron  is  left  in  a  disengaged  state.      Accordingly, 
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MM.  Gray-Lu9sac  and  Thenanl,  who  expkdiied  the  phettcK 
mena  on  these  princifdes,  foand  that  no  gas  was  geaeriited  hj 
the  combustion,  and  that  the  chocolate-adoumd  solid  wbich 
replaced  the  metallic  potasshnn,  and  which  had  absmiied  all 
the  fluo-boracic  acid,  when  treated  with  water^  vaohnod  itadf, 
without  effervescence,  into  a  solution  of  floate  of  poUaasa  $i»d' 
a  residuary  portion  of  boroo.  Fluoh>boracio  add  hab  liecv 
united  to  ammonia  in  three  proportions.  That  which  vesiilte 
from  the  union  of  an  equal  number  of  particles,  or  vohim^ 
is  a  solid  salt,  resembling  the  other  salts  of  amnioiiia.  Tbe- 
others  contain  severally  two  and  three  particles  of  ammonia 
to  one  of  add  ;  but  they  are  liquids,  and,  on  exposure  to  the 
air,  they  degenerate  into  the  solid  substance  or  that  whioh 
contains  a  particle  of  each. 

ARGIL.    ALUMINA. 

In  the  preceding  pages  it  is  asserted,  that  when  three  atopis 
of  matter  are  united  by  their  edges,  a  form  results  which  is 
half  a  particle  of  caldum  :  when  four  unite,  half  a  partide  oi^ 
silicon  results ;  when  five,  half  a  particle  of  potassium.  Six 
atoms,  in  like  manner,  united  by  two  edges,  give  rise  to  a 
semi-partide  of  eminent  symmetry  and  cohesion.  But  when 
two  such  are  applied  to  each  other,  a  form  results  which  does 
not  differ  from  a  particle  of  water.  A  particle  of  water,  then, 
by  the  expansion  of  its  axis,  gives  rise  to  two  such  forms,  and 
they  may  be  united  by  twelve  atoms,  thus  comprising  a  ca- 
vity, when  separated  by  the  proper  distance,  of  a  prismatic 
shape,  having  a  truly  hexagonal  base,  (Fig.  87).  When  we 
consider  the  extreme  abundance  of  water,  and  the  tendency  of 
all  such  forms  constituted  of  compressed  faces  to  expand,  when 
the  faces  can  be  relieved  and  symmetry  sustained  until  a  hol- 
low form  has  been  generated,  we  cannot  but  believe  that  the 
substance  now  contemplated  must  be  very  abundant,  and  it  is 
natural  to  inquire  if  it  be  alumina.  Next  to'  silex,  this  sub- 
stance is  the  most  abundant  on  the  face  of  the  earth.     It 
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enters  largely  into  the  coDstitulioD  of  ihe  primiUYe  rocks,  and 
it  is  equally  die  basis  of  clays,  mud,  and  ail  plastic  oom- 
posts.  It  is  deposited  in  immense  quantities  by  lakes,  and 
no  doubt  by  the  sea,  forming  strata  of  aluvium  and  silt  of 
great  extent  every  where.  It  also  forms  a  constituent  in  most 
of  the  highly  crystalline  minerals ;  and  several  of  the  most 
beautiful  gems,  such  as  the  ruby  and  the  sapphire,  are  almost 
wholly  composed  of  it. 

According  to  this  view  of  its  structure,  the  atomic  weight 
of  alumina  is  S4^  or  double  that  of  water ;  and,  strictly  speak- 
ing, it  is  an  individual  body,  and  has  no  base  analogous  to 
that  of  lime  or  silica.  But  if  there  is  no  mistake  in  the  eat- 
periments,  it  must  be  admitted  that  the  Hafnian  chemists^  by 
their  vigorous  treatment,  succeeded  in  destroying  alumina, 
and  reducing  its  matter  to  some  inferior  state,  in  which  it  pos- 
sessed the  metallic  lustre,  but  which  still  retained  so  mnch 
at  the  structure  of  alumina,  that  it  recovered  itself  when 
matter  was  supplied  to  it.  The  earth  alumina,  in  a  state  of 
powder,  we  should  expect  to  possess  the  lustre  and  colour 
of  pounded  ice  or  opaque  water,  with  which  its  polar  regions 
are  isamorphous,  and,  accordingly,  it  is  a  white  powder. 
When  reduced  into  the  state  which  has  been  called  Alumi- 
nium, it  acquired  the  metallic  lustre,  as  is  the  case  with  al- 
most every  opaque  solid  substance  of  a  homogeneous  nature, 
and  not  in  a  state  of  chemical  neutralization.  That  the  fonn 
which  is  here  supposed  to  be  alumina  is  not  subject  to  the 
attachment  of  oxygen,  we  may  readily  believe,  for  it  is  a  large 
body  on  which  there  is  no  region  conformable  to  oxygen. 
That  hydrogen  should  be  given  off  during  the  resumption  of 
the  perfect  form  by  aluminium  in  water,  is  only  to  be  expected, 
if  any  thing  at  all  is  given  off,  for  water  is  wholly  hydrogen, 
and  only  developes  oxygen  when  its  presence  is  required. 
Whatever  quantity  of  matter  the  aluminium  might  require 
for  the  restoration  of  its  perfect  state,  that  of  the  decomposed 
particles  of  water  which  was  not  required  would  be  given  off 
as  hydrogen  or  radiant  matter,  the  former  of  which  only  could 
be  recognised  by  chemical  tests.     That  a  form  with  so  large  a 

Ff 


4M  OF  Asuaiu  jLLxsmmh. 

eafkj  dtoMy  hj  vioieiit  meam,  be  redoeed  krto'nmH'fenns^ 
fieenw  eimvniely  probable.  •  If  Uie  mpoar  of  poCaflriuHr  weie 
passed  through  it  at  a  white  heat,  ofxygen  would,  of  oourae^ 
be  the  aabstanee  mto  whicb  that  metal  woukl  arrange  the 
matter  it  dertred  from  it.  Chlorine  woald  denund  anoffaer 
form.  The  decomposition  of  alumina  would  probably  cxmsiat 
in  the  resolutioB  of  ererj  partide  into  one  c(  water,  and-itii 
equatorial  form,  consisting  of  an  annulus  of  twdive  atomsiy 
which  is  probably  aluminium.  It  must  be  admitted,' iiOfw* 
erer,  that  tliis  vkm  of  the  stmeture  of  alumina  derives  no  9* 
lustration  from- the  experiments  of  M.  Vobler ;  but  all  olber 
phenMMMi,  and  espedally  the  natural- habits  andrdataonshiiw 
of  iduminay  countenance  it  in  an  eminent -degree. 

■•' 
Jtummic  Hjfdraies^  SatU^  and  SUme$* 

Alumina,  according  to  the  view  now  advanced^  belongB^io 

the  temate  system ;  hence  muriatic,  acetic,  {riiospiieric,  and 

espedaHy  sulphuric  acid,  are  those  with  which  it  ought  to 

fbrm  the  best  salts,  and  the  temate  ammgement  ought*  %■> 

be  mamfest  in  the  number  of  the  particles  of  water. 

f- 

J9]ydraitf«.-*-Two  hydrates  may  exist,  of  eminent  symraatiyc 

one  when  a  particle  of  water  is  on  each  pole  of  a  particle  of 

alumina,  to  which  both  poles  ai*e  conformable ;  the  other  wh^ 

there  is  only  one  particle  of  water  on  one  pole.     In  this  wajs 

it  is  evident  that  any  number  ci  hydrated  particles  maf{  be 

strung  together  in  a  fibre,  and  lateral  particles  of  water,  to  the: 

number  of  twelve,  may  be  attached  to  the  equatorial  fiuaes  of 

each  particle  of  alumina,  and  the  whole  will  form  a  plastic  nfeaaSb 

Now,  ^*  when  alumina  is  precijMtated  from  an  alkaline  aalo^ 

tion,  collected  on  a  filter,  well  washed,  and  allowed  to  4mj 

spontaneously  on  the  filter  in  a  dry  wann  room,  a  hydrate  as 

obtained,  which  is  composed  of  equal  weights  of  alumina  and 

wAtor.^  (Thomson's  First  Princ.  vol.  i.  p,  315).     In  this 

wo  found  that  the  hydrate  of  ;»lica  is  procured,  in  which 

of  the  four  polos  b  charged  with  a  particle  of  water.     Here, 

<^f;ain«  is  the  alumina,  having  an  equal  weight  of  water,  that 
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is,  two*p«tklea»  or  both  ita  poiee  chafged.  Uy  a  Umg  coiUir 
nued  expomire  to  wamth,  the  half  of  tbia  water  dimppmn^ 
aad  a  hydrate  osnifliiift,  oompoied  of  a  partick  of  aluBMMi. 
diirgcd  with  one  of  water*  But  to  expel  this  altqgelhiv,  a; 
veejr  ilvoaglicat  it  required.  As  the  water  between  two  par* 
tieiea*  escape^  theae  panielea  spootaueoualy  approach  each; 
otter^aD  m.ioocgufj  the  spaee  recently  flOed  by  the  water, 
aad  to  apply  their  angles  lo  eaeh  other,  whioh  are.  equally, 
confiniable  with  thoae  of  water;  and  it  appears,  that  after 
al  the  water  has  been  esprlted,  thia  oondensation  gees  on 
seanewbat  regtdariy.  Hcnoe  a  niassof  eky,  or  alumina,  siil^ 
ffaia  a  perwianent  contiaotian  from  heat,  and  ibe  anount  of, 
this  onntraetion  has  been  made  use  of  aa  a  pyromeler.  Ba> 
sidea  these,  four  other  regular  hydrates  are  possible,  con- 
taining a  greater  quantity  of  water,  in  wlweh  throe,  six,  nine, 
and  iwdfe  particles,  severally,  are  attached  to  the  eqnatoirial 
Owes;  and  there  are  two  in  which  the  quantity  of  wetar  Uh 
less*  The  most  symmetrical  of  these,  or  that  in.whick  three 
partirheof  aliuninaaie  attached  to  the  alternate  scgmenlaofi 
a  particle  of  water,  is  at  onoe  developed  by  expo«ng  ahioiina> 
that  has  been  ignited  to  the  air.  It  immediately  increases  in 
w^ghf ,  aad,  in  a  dry  atmosphere,  it  remains  permanent  when 
7S  psrts,  or  three  particles,  have  increased  by  IS,  or  beoosae 
8%.  The  experimental  result  of  BerxeUus  is,  that  7S  parU  in- 
creases 11*16. 

'  The  hydrate  of  alumina  is  a  substance  of  the  greatest  va- 
lue in  the  arts.  It  foitns  the  basis  of  bricks,  tiles,  fire-day, 
cruciUes,  and  all  sorts  of  porcelain  and  stone-ware,  and  thus, 
after  wood  itself,  is  most  serviceable  in  the  domestic  economy 
of  life.  It  is  also  extensivdy  used  in  the  art  of  dyeing  as  a 
aoidannt,  as  it  has  a  remarkable  affinity  for  colouring  matter. 
In  thisi  aa  in  most  other  relations,  it  seems  to  act  the  part  of 
a  sortof  eartiiy  water,  which  adheres  to  the  water  in  the  tesue 
of  die  stuff,  and  cannot  be  dissolved  away. 


iifcffii.— The  best  known  salt  of  alumina,  and  that  of  the 
most  extensive  utility  in  the  arts,  is  Ahim,  the  salt  horn  whieb 

»  Ff2 
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the  earth  takes  its  name.  It  is  usually  procaied  faj  ludvktii])^' 
etMn  sidpfauieous  wgDIatiMu  siitir  ibdta,  on  ^irttihyiDttii  i» 
uanffauy  cusposeu  to  eunvesoei  xne  iudccidii  or  wininni^  ur 
thei«V'  Attd  dHier  Mts  ud  iuHiertib  lUto'iriABir  h  etttt^  ttHNl4^ 
ailMlbc(o«is  M  Ail;'^  The  faHrtMil^'aelddbs  r  ^flllfl^ 

ii»the  tee^  all  the  alu«M,iif  irMaJtUtW'M  aii^ 
It  V  neocaMny  ID  anoni  •  nocieua  sof  uie  ctysiaunie  moKW 
gT  >iMw  other  idt,  such  Us  suliAhte  df  ikiCifih;4h^'i^^ 
aoiftlioiifab'   Around  thh;  wce^eSkg^xdiiie'^tMm^ 
thetMtttettM,  ite  Ans^or^fitHdiiiie  dr^d^^  iBiltf 

cbttmon  sott  of  alute  is  that  in  wfaicb^ne  WT  sulp^ 
adi  b  assoeiaftisl  with  tfareroTvltriBhit^bf  idu^ 
the  parlicfca  of  ▼itriolate  of  alumina  bearing  six  paftidca  ot 
water,  and  one  more,  essential  to  the  iritJeioT;  Cardic»'^'*tll^ 
are^furobably  thre^  partielesof  water  cli  the  j(»bfes  of  thtfH^ 
tridb  in  unioar  with  the  alumina,  comnida  to  two^  stMf  ^iriid^ 
noteuleit  Whidi  are  therebjindtedf  Inideoe  Bpaa^itAedi  bb^* 
and  twb  parades  of  waler  move  Are  on  eadi  pisle  of 'flM('^^^ 
metrical  molecule.  The  inirett^aiidn  of  such  mbleeito^l^^^ 
eter^lF^idfes  the  aid  of  crystallography:  they  idl  gi vie  tiiil  UM 
a'  regular  octaedron.  According  to  this  view,  therie'  ire'diP 
one  side  of  the  equator  of  such  a  molecule  three  partidei  w 
alumina  7S,  one  of  potash  60,  four  of  add  SOO,  and  twen^i' 
three  and  a  half  particlee  of  water.  Its  real  structure,  hd#-' 
ever,  may  be  very  diflerent. 

.     200 

72-9 
.     60-2 

.    275*  TAomjon.     QwOtdwHemrfp 
Ekmeniiy  yqLL^  6O7. 

Besides  this  substance,  in  which  one  particle  of  alumina  is  00 
the  pole  of  one  particle  of  oil  of  vitriol,  others  are  found  in 
which  the  alumina  takes  the  place  of  water.  Thus  there  iaanr 
aluminous  salt,  composed  of  a  particle  of  oil  of  vitriol  with  one 
of  alumina  on  each  pole,  and  a  third,  in  which  there  are  three 
particles  of  alumina  tO'  one  of 


True  Ratio. 

Add)  • 

.     .     200*     . 

Alumina,   . 

.     .     72»*    . 

Potash,    . 

.     .     60*»     . 

Water, 

.     .     276*' 
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K}ne  particle  of  the  fonner  seems  to  serve  as  a  oudeua  for 
tbxee  of  the  latter,  io  the  constitutkm  of  the  mineral  nanwd 
Aluminite,  S4  portides  of  water  beii^  occupied  in  the  mirlr 
oiile  ^.  The  subauliriiate  of  alumina  and  potaah  of  Bifiauk 
seems  also  to  consist  of  three  parudes  of  thte  temialuminous 
aulpbate ;  but  the  nucleus,  instead  of  bong  a  partida  of  the 
diahuninous  sulphate,  as  in  aluminiCe,  is  a  partide  of  sulphatt 
of  potash ;  and  the  same  analysis  is  applied  to  the  alumatooa 
fiom  Sol£E^  near  Civita  Vecchia,  used  in  the  manufiKture  of 
alum  (Mobs^  Mineralogy,  vol.  u.  p.  68^  though,  in  the  spa* 
dmen  analyzed  by  Vauqudin,  silex  entered  largely. 

Photphaie  qfJlumina. — Phosphoiic  add  is  another  temate 
add,  and  alumina  occurs  in  nature  united  to  it,  constituting 
the  rare  mineral  named  Wavellite.  The  ipedmen  analysed 
by  Fuchs  contained  only  alumina,  phosphoric  add,  and  water^ 
and  the  structure  is  very  explidtly  indicated  by  his  analyaii» 
The  alumina,  as  usual,  occupies  the  place  of  water.  One 
parlide  forms  the  nudeus  for  a  distribution  of  phosphoric 
add,  amilar  to  that  of  the  glacial  add,  that  is,  a  partide  of 
alumina  forms  the  nucleus,  and  three  others  cover  the  naked 
poles  of  the  three  particles  of  phosphoric  acid,  attached  to  the 
equatorial  region  of  the  central  alumina ;  and  besides  these 
five  particles  of  phosphoric  acid  90,  and  four  of  alumina  96, 
there  are  six  of  water  72. 

TnM  Ratio. 
Add,       ...     90* SO 

Alumina,    .    .     95* 95*3 

Water,        .     .     72« 7 \"!  Fuchs, 

Aceiaie  (^Alumina. — It  is  evident  that  three  particles  of 
acetic  acid,  attached  to  their  particle  of  water,  may  be  accom- 

True  Ratio. 
Aiumsna,     .    .    264^*'       ....  SSI- 
Acid,        .    .     .     200^        ....  900 
Water,    .    .    .    408**      ....  4087 
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•B  (be  pokcf 'A  ftmidt^  rii—iiM  m «iBiiC<ig|n- . 
BtAeraiMfcurf  MtMgfwiiidi  i*i^ 

tbte^vygml.     ft  ffnlnlii  rf  ^mim  iif'iijulih  rf 
ilhHanilwg  ■yactiicdij  abcmt  it,  doMt  «ny  iiMMlM»4ir 

«r<tlw kttMr-MM.:   Skit^vUdi  iiBiiWii»<k 
•■olandeof  anlae  addflBd  I 
IdbM  in  fOMt,  Mrbieli  adhorovoy  My  labile 
dtah  aiiiMeh  dMjr  fcMk 

Andy  •  •  00^  •  •  •  •  00^  or  M^ 
Aludiia,  S4^  .  .  •  .  14-  or. »« 
Waltr,    .    IS^    .    .    .    .    IS*    or  ll-IS 


■.r'  ♦  ■  ...lilt 


•olid  miltery  Tcrj  diflimsut  fitn  flw  cfdondfeti  Mn-lMitdp^ 
Kfei'  bj  the  otdiiuny  ttietbddsi  tlTh^iiiii^  oonTatikl  Hmo  m  kUt^ 
ride.  Theie  tart  two  nrariatei,  due  enmhting  tsf  M'^puflde 
cF  addy  with  one  of  bne  and  thrte  oT  wateir;  die  dtery 
eotlyaed  bjr  Buchola,  oonmiSiig  of  oifte  of  add  with  Hm^ti 
water,  which  is  the  number  proper  to  the  acid  when  its  pde 
18  covered,  united  to  two  of  alumina.  There  are  many  other 
substances  wUdi  may  be  formed  in  the  laboratory  by  the 
union  of  alumina  and  acids,  but  they  are  of  little  interest 
Alumina  is  too  weak  a  base  for  procuring  very  interestii^ 
results  in  the  rapid  and  rude  treatment  of  the  laboratory.  It 
is  to  nature  that  we  must  look  for  the  highly  symmetrical 
forms,  of  which  alumina  constitutes  a  part. 

Alumink  Minerals. — Alumina  and  silex  are,  in  the  crys- 
talline world,  what  hydrogen  and  carbon  ai'e  in  the  vegetable. 
The  number  of  their  combinations  seems  to  be  as  great  as  the 
specific  forms  to  which  they  give  rise  arc  numerous.  Al- 
though, as  in  the  vegetable  kingdom,  there  may  be  certain 
molecules,  as,  for  instance,  a  double  molecule  of  silica,  which 

are  introduced  in  great  numbers  in  constructing  crystalline 
forms ;  yet  here  and  there,  as  fukra  and  nuclei,  single  par- 
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tides  of  •one  or^jtberare,  nodoalrt^imroduecd,  and  todetect 
the'truecbemkai  oonstktition  of  tbe-giMt  ni^oritjr  oFnmenil 
speaes,  will  pMhablj  rrquire  nol  oiAj  the  no8t  rigid  and  im- 
ppqiKKoed  aiMlyaa,  but  idl  the  aid  ^  a  crystallographie  syn- 
thesis. 

There  arc  many,  however,  of  the  more  notable  crystalline 
bodies^  which  ercn  the  analyses  now  extant  enable  us  to  per- 
ceive that  they  possew  a  very  mmple  structure.  Thus  that 
interesting  mineral  the  Petrosilex  ^  of  Sahlberg  in  Sweden, 
indicates,  by  the  analysis  of  Berthier,  a  structure  analogous 
to  that  of  Hyalite,  the  water  being  replaced  by  alumina. 

Felspar  f,  again,  consists  of  one  particle  of  silex  and  one  of 
alumina,  with  one  of  potash  to  every  four}.  Albite  has  the 
same  composition,  but  the  potash  is  replaced  by  soda,  and 
stilbite  seems  to  agree  with  them,  the  potash  and  soda  of  the 
others  bdng  replaced  by  lime. 

In  Analcime,  again,  the  ratio  of  the  earthy  constituents  are 
the  same,  but  there  is  one  of  soda  to  evefy  three  particles. 
In  some  other  minerals  there  is  a  double  molecule  of  rikz. 
Thus,  Leudte  has  a  double  molecule  of  alica,  three  of  alu- 
mina, and  a  fourth  of  potassa. 


PZTBOflLEX. 
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In  Mekmile  there  is  a  nngle  particle  of  silica  with  the  Mme 
quaternate  arrangement  around  it,  three  parts  being  akmiiBa, 
iad  die  fourth  a  partide  of  lime.  But  until  the  methods  of 
crystalline  analysis  be  improved^  these  views  need  not  "be  ex- 
tended. 


Amalcime. 

TnieRatkk 

ABuyili  of  TauqiiriBL 
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COPPER. 

W£  may  resume  the  subject  of  metallic  forms  to  illudtrate 
(be  properties  of  two,  which  have  been  known  from  a  very 
remote  antiquity,  and  arc  still  more  extensively  used  in  the 
arts  than  any  other.     These  are  Copper  and  Iron,  the  former 
of  which  receives  additiopal  interest  from  its  utility  in  the 
docimastic  art,  while  the  latter  seems  to  hold  a  place  in  nature 
inferior  in  interest  and  importance  only  to  the  radiant  matter  it- 
self.   Circumstances,  afterwards  to  be  mentioned,  render  it  ex- 
tremely probable  that  copper  is  a  form  composed  of  four  atoms, 
inclosing  a  tetraedral  cavity,  with  two  particles  of  hydrogen 
applied  to  the  two  opposite  re-entrant  angles  (Fig.  89).     lis 
atomic  weight  is  8.    But  its  form  is  much  less  parasitic  than 
any  of  the  other  metallic  bodies  which  have  yet  been  noticed, 
and  it  may  be  preserved  in  the  air  in  the  metallic  state.    If  we 
arrange  these  particles  symmetrically  one  upon  another,  wc 
shall  find  that  filaments  are  produced ;  hence  copper  is  a  ductile 
metal.    There  is  also  an  arrangement  of  edges  very  ^similar  to 
that  which  obtains  in  sulphur,  which  may  be  connected  with 
the  similarity  of  their  colours.     But  copper  is  also  capable  of 
giving   rise   to   symmetrical   quinate   molecules    (Fig.    90), 
whose  atomic  weight  is  40  ;  and  hence  it  is  sometimes  met 
with  in  the  ordinary  tessular  forms  of  crystallization.     Native 
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copper,  however,  or  ixxppet  in  ihe  metiJlic  slale^  m  a  rare 
subfiUnoe^  and  it  occurs  more  frequently  in  tli^ggy  daodritic 
and  mammiUated  maaaes  than  crygtaUiaed*  The  Ibmis  MOii 
analogous  to  cqyper  are  charcoal  and  aulphur.  It  is  indeed 
externally  isamorphous  with  two  particles  of  carbon  in  a  ti»ia- 
verse  position,  and  its  relationship  to  sulphur  is  veiy  dis- 
tinctly seen  when  a  number  of  particles  are  associated  together. 
Copper,  as  it  occurs  in  the  arts,  is  always  contaminated  with 
these  two  substances,  nor  is  it  easy  to  free  it  from  them  en- 
tirely. 

Owides. 

Copper  can  be  retained  with  a  pure  metallic  lustre  for  an 
indefinite  time,  only  by  preventing  the  access  of  oxygen. 
When  exposed  to  common  air,  a  surface  of  metallic  copper 
becomes  covered  in  the  course  of  time  with  a  green  crust 
named  Verditer,  which  is  a  carbonate  of  the  oxide  of  eopper. 
Three  oxides  of  copper  are  possible,  one  in  which  two  par- 
ticles are  on  opposite  sides  of  a  particle  of  oxygen,  and  other 
two  in  which  there  are  severally  five  and  ten.  In  the  first  of 
these  the  oxygen  is  far  from  being  charged ;  the  latter  two 
have  excited  much  interest. 

PeroaMe.-^Tlmt  in  wliich  five  particles  of  copper  invest 
one  of  oxygen,  as  in  potassa  and  lime,  does  not  occur  in  na- 
ture in  a  free  state  as  a  crystalline  mineral,  but  only  as  a 
product  of  the  decomposition  of  more  perfect  forms.  It  con- 
stitutes the  basis  of  the  cupreous  salts,  and  is  named  the  Per- 
oxide.  Its  atomic  weight  is  50  (40^  copper  +  1(H  oxygen). 
It  is  a  very  useful  substance  in  the  analysis  of  combustible 
bodies,  for  it  is  not  decomposed  at  a  red  heat,  unless  carbon 
or  hydrogen,  or  some  body  having  a  stronger  affinity  for  the 
oxygen  than  the  copper,  is  introduced.  But,  in  these  cir- 
cumstances, it  parts  readily  with  its  oxygen,  to  generate  with 
the  combustible  either  water,  fixed  air,  or  pyragynio 
as  ihc  case  may  be. 


4M  or^XMNU. 

juittiwI/itiiwi'kiMiagB  k  «  ft^vitafti^  aipiii  jtwrtf  lyi^Myppr 
tdlliBe  Monnli  B8mid''fiiBbr  OoiiDcr.  ^or  JtfidilndftQf  <}aDu 
par*  ilfti  fivmsMMtamllB^  aad  by tr«MmiHtii  iig|ht  il 4^P 

fittflNMBlhr  flkmlMnd'  aoiGiiBiths  jim  rf  ntiwrr  inif  Iiiit  ;fiv* 
jMoag.'  tIt'iWUM-,tkKthB  -MDBBBvd  -fiiff -ciMniiicdI-iMifDQintt'inr 

iMglttiiif  90(80^  coppa      iOiaygen). 

Sm^phmrei  ^CcjgMr.— ^Sulphur  and  eotppa  act  upon  aach 
aiher  with  great  vigour.  Wben  a  disk  cf  oopper  is  made 
Id^dndi  ane  bt  iilplmfv  Mitre  ia  a  po/wgtfct  diaci^jigiiaiaii  .of 
ciatJtoiu^: '  Whai  oo|iper4till  irckpoaed  to  tbeacddn  ofiaul- 
fflrinr  •fapciar,  it  burne  =  iqpmiliuMOiul^  'aad^whan  llMa' parta 
tf '«opp«4Uitog8  and  one  ef  anlplmr  are  BiiagMt  and  kam 
djpijIWil^'tlwy  ttuta  widi  Aiapiodu^fion-OT  imini  fiv^  Ao^gjh 
BbteyjgenbfrpraKiltL  Tbis aolpharet  Idio oeeuniB  aataire 
juaaialiat  ^drandantly,  omtitiitiiig  a  darlMiddCirad  miaawJ 
iaawi  VkrecMis  Cki^per,  wbkdi  »tme  €f  tk  moat  talu^^ 
]^«Mi«B.  It  ootmsta  <)f  a  mdecnile  of  copp^  and  a  partide 
of  sulphur,  and  its  atomic  weight  is  60  (40^  copper  +  10^  sul- 
phur), as  has  been  found  by  analysis.  There  appear  also  to 
be  two  other  sulphurets,  one  in  which  there  are  two  particles 
of  sulphur,  and  another  in  which  there  is  a  quatemale  mole, 
cule,  thus  rendering  the  sulphur  and  oopper  equal -^  in  quan. 
tky.  The  greatest  auppiy  of  oopper  used  in  the  art8»  is  ob- 
tained ftom  a  brassy  looking  mineral,  which  is  a  sulf^mreC  of 
ifctm  and  oopper,  afterwards  to  be  noticed. 

Rosin  vf  Capper.  Chloride  of  Copper. — Chkiriitt  and 
o^per  may  be  made  to  unite  in  two  proportions,  and  that 
which  diic^y  results  when  copper  is  burned  in  chloriiie  gas, 
being  otherwise  procured  by  heating  oopp^-fiUngs  and  cor- 
rosive sublimate,  was  known  to  Boyle,  and  described  under 
the  name  of  Bosm  of  Copper,  from  its  resemblanoe  to  roain. 
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It  is  not  to  be  wondered  at,  lint,  when  the  'dilotine  k  neu- 
tralized, tKe  ootnpoinid  of  obbrine  mod  copper  dioiild  veeai 
to  be  a  vegeieMte  substance,  for  the  general  cootour  it  ^ktkmt 
particles  of  carbon  symmetrically  disposed.  It  is  a  codipouai 
of  one  paitide  of  dilorine,  and  as  much  topper,  as  is  in  Ae 
protoxide,  or  ten  particles,  which  may  be  acscomomlMBd.flvc 
on  eadi  pole.  Its  atonic  weight  is  lt6  (80'*  copper  -|-  4S 
chl<iriBe)  as  indicated  by  analysis. 

.    CupreoHi  Minerals. 

CmffMmates  rf  Copprrw— Copper  and  6xed  air  oocnr  in  na> 
ture  uniCod,  but  their  affinity  is  weak  and  indefinite.  The 
resulting  carbonates  are  green  and  blue  inJnuelii'nanwd  lin- 
laeUtes,  Verditers,  Bhie  and  Green  Copper.  One  partide 
of  peraxide  is  saturated  by  oneof  carbonic  acid ;  and,  inthaia 
nfoerals^  water  is  also  present,  which  is  somewhat  imusual  in 
the  stony  carlionates.  Vauqoelin^  analyas  of  oommoo  nwin* 
cMte  gives  50  oxide  of  copper,  and  14.5,  instead  nf  U,  na 
the  fixed  air  present  Berzdius  has  shewn  that  tlie  anidhi 
nmy  be  made  to  recoiTe  from  1S.5  to  17  of  the  acid  as  tlM 
temperature  of  the  water  is  raised  in  which  it  is  precipitataJ. 


Pho9phaU  ef  Copper^^-X^rpper  and  phosphoric 
fotmd  united,  constituting  a  Tery  rare  mineral,  named 
tic  Habroneme  Malachite  or  Hydrous  oxide  of  caipper.  Its 
structure,  like  that  of  the  carbonate^  is  extremely  simple,  con- 
sisting of  a  particle  c(  copper,  one  of  phosphoric  add,  and  one 
of  water,  or  50  peroxide,  18  acid,  and  19,  water ;  the  numbers 
indicated  by  the  analysis  of  Lunn,  being  50  peroxide,  17.9 
acid,  11.9  water.  Its  atomic  weight  is  90.  Like  most  other 
cupreous  earthy  bodies,  it  possesses  a  green  colour. 

Jrsemaies  of  Cctpp^.— There  are  several  compounds  of 
copper  and  arsenic  add,  which,  in  the  natural  system,  are 
found  bende  the  phosphate. 

1.  PrisffuUk  Liriconite  of  Profesmr  Jameson.  Odaeiral 
Arsemate  of  Copper  or  lin^merto.— This  is  a  very  rare  mi- 


I 

•mO,  dltiAfMtte  or  vtidigA-gneitdkm-  whi^'^\SiSi& 
ftwnd  aliiMiit  tidtmirdf  in  oeMiAi '  miiM  in  CbhiiitlC ' '  Jioi 
«B»ffiBg  to  die  awljBb  of  Chene^      codiijb  dT  lOb^  |f^^ 
iiriide  of  copper;  C8.6  amttk  hcU;71.»  wiW^  itfiA'^^^ 
«4M»ud»  the  atomie  heights  of  f  j^i^  I<^«^>^^ 
«li^^MA6ofirtter;  '  ^"  '."" 

>t»>  AriHUAi  iiddiAr  OftMni^  6t' OUlIji^ 'MMMe  ;i^J 
Mifal^.— This  mineral  is  fiiund  albng  ifUi  11i6  p^ed^ji^^ 
Batemallj  it  seems  very  deep  line  or  idadc,  blit  internaH jf' it 
is  blue.  The  analyais  df  Chenerfac  ghM  80  peroxide  of  oop- 
pWj'tB  arseme  add,  add  148  of  vater,  the  ibiteer  two  mini. 
ksM  bai«  ^saetly  the  atom&  weights,  hind  tiie  ^hst  only  a 
lillfe  taMiia  than  dntt  of  one  pardde  of  water. 
•:!&  PrUmaHe  Cdpper^Mka.  MktmMdal  EwAhre  Mieii 
MkmAaiM  AtumUae  of  Ojppitr.^ttiM  is  a  minend  of'^a 
bright  green  colour.  It  ocsurs  in  simikr  situations  with  die 
preceding,  and  consists,  according  to  the  analysis  of  Vanque- 
fin^iof '80  pemdde  of  JDopper,  86  arsenic  add,  SL7  wMear. 
Ndiw,  one  partide  of  peroxide  of  copper  is  80^  two  of  aMemici 
addie  86,  and  two  of  water  24.  There  are  also  other  aracb. 
niatus  of  a  less  ample  stmctuie,  and  resembling  the  arseniatea 
of  the  laboratory,  in  containing  arsenic  add  in  a  quinate  hj- 
dro-molecule.  Thus  a  mineral  analyzed  by  Elaproth,  and 
induded  by  Mohs  in  the  species  prismatic  olive-malachite^ 
yidded  180  peroxide  of  copper,  IdS.S  arsenic  acid,  and  10.S5 
water.  Now,  140  of  arsenic  add,  and  IS  of  water,  is  a  qui- 
oate  molecule,  and  150  of  peroxide,  are  three  particles. 

SaUa  qfCopptr. 

Blue  Ft/rio/.«— Copper  readily  unites  with  oil  of  vitriol,  and 
^  sky-blue  sdution  results,  from  which  fine  crystals,  of  the 
same  colour,  but  generally  very  deep,  are  obtained.  These 
crystals  are  also  met  with  in  nature,  deriving  their  orig^ 
(com  the  decomposition  of  sulphuret  of  copper.  The  solu- 
tion is  decomposed  by  metallic  iron  ;  so  that,  if  a  plate  of  iron 
be  introduced  into  a  solution  of  the  blue  salt,  it  is  speedily 
overed  by  metallic  copper.    The  add  and  oxide  may  also  be 
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separated  by  heat.  Like  the  other  lalts  of  copper,  blue  vitaol 
poesesses  a  very  simple  structure.  A  partide  of  oil  of  iriiriol 
bearing  three  of  water  on  its  equator,  and  one  on  its  naked 
pole^  along  with  one  of  peroxide  of  copper  on  the  other  pole^ 
constitutes  the  saline  particle ;  and  two  such,  united  by  a  pw 
ticle  of  water,  which  is  connnon,  form  the  crystaHiEing  molg. 
cule.  There  is,  therefore,  £0  parts  of  copper,  50  of  aidphwic 
add,  and  54  of  water,  on  each  side  of  the  equator  *•  Peiu 
haps,  however,  the  molecule  is  in  reality  much  more  conplb 
cated,  and  consists  of  four  or  seven  parts  on  each  side  of  the 
equator,  as  seems  to  be  usually  the  case  with  the  crystalline 
molecules  of  the  vitriolates.  When  pure  potassa  is  infused 
into  the  solution,  in  smaller  quantity  than  is  requisite  to 
engage  all  the  acid,  an  insoluble  precifntate  falls,  which  is 
composed  of  a  particle  at  vitriol  with  one  of  peroxide  on  etmh 
pole. 

NUraU  qf  Capper. — Nitric  add  attacks  copper  veiy  i^igfH 
rously,  dissolving  the  metal  with  the  evolution  of  nitrous  gas^ 
The  salt  which  results  is  of  a  very  deliquescent  and  oorrosiipw 
nature.  It  oonnsts  of  a  particle  of  peroxide  and  one  of  acid  ^  \ 
but  a  very  regular  structure  is  not  to  be  expected  when  the 
salt  possesses  sudi  characters,  and  more  especially  when  the 
nitric  add  is  so  far  from  being  saturated  by  the  oxide,  that, 
when  a  part  of  the  add  is  driven  off  by  heat,  or  engagement 
with  an  alkali,  the  peroxide  becomes  engaged  on  the  quinate 
region  of  the  acid,  and  every  particle  of  acid  sustains  five  of 
peroxide,  and  probably  five  of  water  on  its  other  pole.  This 
nitrate,  with  excess  of  base,  is  an  insoluble  green  precipitate^ 
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wltfoh,  to  judgd  from  dHfemt  Bsuljaeu^  appetn  not  to'pds- 
m  very  unirorm  structure  *4 


Kfrd^rtf^-^When  a  diak  of  metaffic  copper  is  expoccdl  to 
the  fumes  of  aeecjc  add,  it  is  speedily  covered  hf  a  crus):  <tf  a 
gnen  colour,  and  a  poisoiious  qualitjr,  kvtamn  by  the  liune  of 
Vcniigris.  This  greea  crystaUine  matter 'copttisCs  of  thnee 
aoelates  of  copper,  which  may  be  easily  sepalatcd  Iran  Mth 
other.  The  sbnplest  b  diat  on  whidi  ooe  partide  of  acfkie 
add  is  united  to  one  of  peroxide.  It  has  been  called  Ums 
TiisBoetateofCclpper*  The  moleeule  consists  of  two  sudipsv'- 
tieles  united  by  a  partide  of  water,  which  reodves  the  hydro- 
gsrent  poles  of  the  acetic  add  into  both  its  concave  poks.  It 
oondats  of  BO  caude  of  copper,  9St  acetic  acid,  6  water  f  ,  on 
eaeh  side  of  the  equator.  Another  sdt  consisu  of  two  pnrti- 
des  of  acetic  acid,  one  oneachpoleof  a  partide  of  oxide,  ud 
one  of  water  on  each  hydrogerent  pole  of  the  add.  It  fias 
been  named  the  Subsesquacetate  of  Copper.  It  oontnns  wide 
MH  add  M,  water  S4|.  The  third  b  a  salt  whidi  mly'te 
obtdned  by  dissolving  the  whole  green  crust  in  vinegsr.  'Hi 
tanoB  large  and  beautiful  crystals,  possessing  a  slight  m<i»;^^fr' 
taste,  and,  like  the  other  salts  of  copper,  it  is  of  a  poisonous 
quality.  Its  structure  is  analogous  to  that  of  most  acetates, 
and  consists  ofa  temate  hydro-mdecule  of  add  and  a  particle 
of  oxide ;  it  consequently  contains  60  of  oxide,  66  of  acad. 
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and  IS  of  water*.  In  formiiig  so  many  definite  aalta  with 
acetic  add,  copper  shews  its  relatioDsbip  to  carbon.  The 
result  of  the  oombualion  of  all  its  salts,  b  a  black  oarboiui^ 
ceousJooking  powder  or  peroxide. 

Ammonia  possesses  a  certain  power  of  dissolving  aome.ciw 
preoua  precipitates,  and  entering  into  union  with  them,  giving 
rise  to  solutions  and  crystals  of  a  fine  blue  ooloujr.  It  seems 
to  act  the  part  of  water,  if  we  could  conceive  the  solvent  power 
of  water  increased.  The  structure  of  the  ammoniureta  haa  nol 
been  investigated. 


IRON. 

It  has  been  shewn,  that  a  particle  of  alumina  consists,  o| 
atoms  circumscribing  a  cavity,  which  is  a  hexagonal  prism  ; 
thitt  the  base  of  potass  consists  of  atoms  circumacribiiig  a 
pentagonal  bipyramid ;  that  the  base  of  silica  consista  of 
atoms  drcumscribiog  a  tetragonal  bipyramid ;  that  the  base  of 
lime  consists  of  atoms  drcumscribing  a  triangular  bipyrai|ud» 
What  form  shall  possess  such  eminence  in  nature  as  to  be 
composed  of  atoms  drcumscrilnng  a  tetraedral  cavity,  whic^ 
is  the  form  of  the  ultimate  atom  itsdf  ?  This  is  iron  (Fig.  91-)t 
a  substance  so  universally  diffused  in  nature,  that  it  would  be 
difficult  to  find  any  natural  body  whatever,  in  which  we  couk) 
positively  say  that  there  was  no  partide  of  iron  in  it  But 
without  inquiring  at  present  into  its  distribution  over  nature, 
let  us  for  a  little  attend  to  its  phyaocM^hemical  relationa. 

Its  atomic  weight  is  4.  Like  radiant  matter  itself,  it  is 
destitute  of  an  axis ;  and  being  thus  liable  to  have  dther  a 
positive  or  n^adve  state  induced  upon  it,  by  position,  it  will 
exert  an  almost  unlimited  range  of  affinity.  But  though  it 
have  no  poles  and  equator,  it  has  two  seta  of  angles,  which  are 
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dissimilar,  and  will  exhibit  the  attractive  fluid  in  cons^i|t^ye 
states.  The  quantity  of  this  fluid,  which  must  be  prpp^  to 
a  mass  of  iron,  must  be  immense ;  for,  supposing  the  molecules 
are  insulated  from  each  other  by  carbon,  or  otherwise  pr^ 
vented  from  neutralizing  each  other^  every  particle  has  . (9111; 
acute  angles  for  the  one  polarity,  and  four  obtuse  angles  tpf. 
the  other.  The  magnitude  of  a  particle,  and  its  specific  heat, 
are  very  small.  In  a  very  small  volume,  an  immense  nuinh^ 
of  atomic  angles  must  be  included,  in  such  a  state  of  quiesqeuce. 
as  is  most  favourable  for  the  intense  activity  of  the  attractive 
fluid ;  yet  it  is  so  destitute  of  natural  form,  to  give  direction 
to  the  polarity  of  the  particles,  that  it  is  easy  to  believe  that  a 
polarity  may  be  induced  in  any  direction  to  which  the  foqn 
of  the  mass  may  dispose.  When  the  continuity  of  a  mass  of 
particles  or  molecules  of  iron  is  interrupted  by  an  admixture 
of  oxygen,  carbon,  phosphorus,  or  sulphur,  in  due  propor> 
tion }  that  is,  when  the  attracUvc  fluid  is  prevented  from  neu- 
tralizing itself  by  a  free  transmission  within  the  mass,  the 
whole  exhibits  the  same  phenomena  as  if  it  were  one  particle, 
its  polarity  depending  on  its  form. 

In  examining  iron  with  a  view  to  discover  its  Angling 
angle,  we  are  at  a  loss  to  find  lines  symmetrically  related  to 
each  other ;  but  it  is  very  natural  to  suppose  that  a  ray  of 
light  will  be  singled  most  perfectly  when  it  is  incident  with  its 
edges,  parallel  to  the  two  edges  in  the  iron  which  lie  in  the 
same  plane.  A  ray  thus  incident  will  form,  with  the  ray  re- 
flected in  a  similar  manner,  an  angle  of  141°  3'  28".  The  angle 
of  incidence,  then,  will  be  70°  31'  44^^^,  at  which,  according  to 
this  view,  the  most  remarkable  singling  effect  should  take 
place.  Now,  the  singling  angle  of  iron,  as  far  as  observations 
have  been  made,  is  stated  at  from  70°  to  71° ;  but  it  is  diffi« 
cult  to  see  how  iron  could  have  a  polarizing  axis,  or  could 
angle  the  light  like  water,  glass,  or  other  such  body,  com{x>sei{ 
of  particles  possessing  an  equator  and  axis. 

Iron,  as  it  occurs  in  the  mineral  kingdom,  is  most  generally 
united  to  oxygen,  constituting  iron-ores,  ochres,  and  ferru- 
ginous min«^.     These,  when  treated  with  extreme  heat. 
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yield  up  their  iron  in  a  metallic  liquid  itate,  the  earthy  mat. 
ter  floaling  upon  it  as  glass  and  soorie.  The  iron  thus  re* 
duced,  varies  very  much  in  quality.  When  it  filters  through  a 
long  course  of  coke,  it  lieamics  dark  coloured,  coarse  grriiwd, 
and  soft.  By  repeated  furions,  again,  without  causing  it  (o 
mil  thnnigh  coke,  it  becomes  brighter  in  its  colour,  doaa 
gnuned,  and  hard.  In  all  cases,  it  is  more  or  less  brittle,  ac- 
cording to  the  rapidity  or  slowness  with  whidi  it  is  gooM. 
Crude  or  cast-iron,  in  the  solid  state,  possesses  rather  a  kas 
Toltime  than  in  the  liquid  state ;  but  solid  cast-iron  floats  on 
liquid  cast-iron  like  wood  upon  water,  and  even  when  pressed 
to  the  bottom  of  a  pot  of  liquid  metal,  it  rises  to  the  fop. 
These  phenomena  indicate  that  we  are  not  acquainted  with 
the  specific  gravity  of  iron,  when  it  is  not  aflected  by  the  ter- 
restrial  magnetism. 

Denote  Mclectde, — Iron  is  evidently  capable  of  three  modes 
of  molecular  arrangement,  very  different  from  each  other ;  and 
a  mass  of  iron  will  possess  different  properties,  according  to 
the  arrangement  in  which  it  exists.  In  a  state  of  fusbn, 
when  the  most  free  motion  of  the  particles  among  each  other 
is  admitted,  and  when,  in  consequence  of  the  heat,  the  repul* 
sion  among  the  particles  will  be  greatest,  we  may  naturally 
infer  that  the  particles  will  be  arranged  in  the  largest,  or 
denate  molecules.  This  is  a  very  symmetrical  form,  inclu- 
ding an  icosaedral  cavity,  or  a  cavity  conformable  to  a  particle 
of  carbonic  oxide.  Fig.  93  represents  it  as  viewed  along  the 
axis,  in  which  only  five  of  the  atoms  are  introduced. 

The  atomic  weight  of  this  molecule  is  40.  A  mass  com- 
posed "bf  such  bodies  would  certainly  be  brittle  or  crystalline 
in  its  texture  ;  and  there  is  every  reason  to  believe  that  cast- 
iron  consists  chiefly  of  such  molecules,  mixed  with  other  sorts 
and  portions  imperfectly  developed. 

When  the  heat  of  fusion  is  long  sustained  in  a  quantity  of 
crude  iron,  it  begins  to  undergo  a  change  analogous  to  that  of 
sulphur  in  similar  circumstances;  it  loses  its  fluidity,  and  be- 
comes a  soft  ductile  mass.    Thi^  change  is  accompanied  with 
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the  development  of  certain  pcnnts  in  a  state  of  very  vivid  com- 
bustion, and  with  the  disengagement  of  a  large  quantity  ci 
inflammable  gas.  This  gas  bums  with  a  blue  flame,  like 
carbonic  oxide  or  hydrogen.  When  we  consider  that  th» 
cavity  of  the  denate  molecule  of  iron  is  a  mould  for  carbonk 
oxide,  and  that  carbon  and  oxygen  both  abound  in  iron,  and 
probably  free  atoms  of  matter,  which  will  adopt  «iy  form  U> 
which  they  are  induced  by  their  position,  we  wiU  readily  be^ 
lieve  that  this  burning  gas  con»sts  partly  of  carbonic  oxide 
and  partly  of  hydrogen.  Besides  hydrogen,  carbon,  and  €if 
course  manganese,  it  is  impossible  to  avoid  believing,  that 
magnesium,  phosphorus,  sulphur,  arsenic,  and  especially  cal- 
Cttum  and  silicon,  must  be  developed  in  the  iron  in  small 
quantities.  Calcium  is  that  form  which  is  most  neaiiy  related, 
and  may  be  regarded  a»  two  particles  of  iron,  each  wanting 
an  atom,  united  on  their  deficient  region.  But  its  symmetry 
is  very  small  compared  with  that  of  silicon,  and  it  is  reason- 
able to  conclude,  that,  by  a  continuation  of  the  heat,  the  cal- 
cium would  be  separated  into  iron  again,  or,  by  the  accesskm 
of  two  atoms,  be  expanded  into  silicon. 

By  stirring  the  mass  of  liquid  iron,  so  as  to  facilitate  the 
escape  of  the  gaseous  matter,  and  the  new  arrangement  of  the 
particles  of  iron  which  is  taking  place  on  the  destruction  of 
the  denate  molecule,  the  mass  continues  to  become  more  and 
more  viscid,  and  ultimately,  however  much  the  heat  be  urged, 
it  refuses  to  return  to  the  fluid  state.  Such  is  the  first  part 
of  the  process  in  which  crude  iron  is  reduced  to  the  state  of 
malleable  iron.  When  it  has  been  brought  to  this  state,  it  is 
removed  in  a  soft  ductile  mass,  and  violently  compressed  by 
engine  hammers.  During  this  process,  the  impurities  are 
still  farther  pressed  out  of  it,  and  it  assumes  the  densest  ar- 
rangement of  which  the  iron  is  capable. 

Fibrous  Molecule. — This  we  may  suppose  to  be  that  of 
particle  to  particle,  from  which  there  results  a  twisted  fila- 
ment, analogous  to  those  of  copper.  One  filament  is  of  ex- 
treme tenuity,  but  it  is  not  symmetrical  on  opposite  sides ; 
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and  such  filaments  will  evidently  group  together  until  they 
constitute  a  symmetrical  filament,  whkh  must  be  a  body  of 
extjreme  tenacity.  That  sudi  is  actually  the  structure  of 
l^mmered  iron,  has  not  only  been  infemd  from  its  du^iEty 
aod  tenacity,  but  by  observatioH  with  the  microscope,  under 
which  its  fibrous  structure  has  been  rendered  distinctly  Tisi* 
^le.  When  a  rod  of  iron  in  this  slate  is  exposed  to  a  violent 
heat,  the  hot  fibres  repel  each  other,  bat  do  not  break,  and 
tbey  flow  down  around  the  solid  central  mass  like  syrup. 
Two  masses  of  iron  in  this  stale  may,  by  hammering,  be  in- 
oorporated  into  one;  and  the  interlacement  of  the  fibres  thus 
efisctcd,  called  weUmg^  imparts  as  muck  tenacity  to  the 
place,  where  the  junction  was  madei  as  if  the  bar  liad  been  ori« 
ginally  ooqtinuous..    .  .11 

. »  ■    •• 

TemaU  Molecule. — It  does  not  appear  that  without  the 
ii^tio^u^tion^of.some  fi^rmept  to  disposa  to  a  •new-arrangement 
of.  parts,  the  filiroiis  structure  can  agmn  be  destroyed.  But 
such  a  ferment  exists  in  carbon,  to  which  iron  in  temate  mo- 
lecuks  is  conformable.  When,  therefore,  a  quantity  of  ham^ 
n^ered  irqn  is  enclosed  in  a  strong  heat  along  with  carbon,  the 
iron  suits  itself  to  cover  the  carbon,  as  oxygen  would,  if  air 
weire.  admitted;  thus,  in  a  manner,  performing  the  office  of 
combustion  to  the  carbon.     . 

The  form  in  which  it  exists  when  thus  moulded  to  carbon, 
is  the  ternate  molecule  (Fig.  9S),  which  is,  of  all,  the  most  easy 
and  natural  state  of  aggregation.  The  atomic  weight  of  this 
molecule  is  12 :  in  its  centre  is  a  cavity  conformable  to  a  par- 
ticle of  hydrogen ;  and  on  each  side  of  the  centre,  but  on  the 
poUr  aspects,  are  three  moulds  for  carbon,  while,  on  the  three 
equatorial  aspects,  tliere  are  three  regions  conformable  to 
oxygen.  This  wonderful  substance,  then,  in  a  single  temate 
molecule^  exhibits  types  of  all  the  most  important  substances 
in  nature— ^three  cavities  which  are  moulds  of  radiant  matter, 
one  that  is  a  mould  of  hydrogen,  six  fit  for  the  reception  of 
carbon,  and  three  for  the  reception  of  oxygen,  while  the 
atomic  axis  is  a  particle  of  calcium.  Iron,  in  the  state  of 
these  temate  molecules,  along  with  that  quantity  of  carbon 
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IMirddeiofiron  areaiTangedaiol(nd<Aieof  ox;^^^ 
wiMn  twoteraate  molecules  are-  fJaried-dn  oppesJte  liidea' afra 
pattide  of  oxygen,  as  the  metallic  parts  in  soda  and  4atfigjL 
Hem ;  aod  a  fifth,  when  all  the  ten  ftces  of  the  oaygdv  aae 
bovered  by  ten  of  iron.  The  ratio  of  satnratbn  of  the  oxy- 
gen, however,  lies  between  the  two  last ;  and  although  the 
occurrence  of  some  of  the  others  has  introduced  considerable 
perplexity  into  the  investigation  of  the  oxides  of  iron,  y«t 
these  are  the  two  which  are  possessed  of  most  interest. 

Red  Oxide^  Peroxide. — ^When  a  bright  metalfic  siUHhee 
of  iron  is  exposed  to  pure  dry  air,  no  union  takes  plaoe  be- 
tween  the  vital  air  and  the  metal.  The  cohesion  of  the  par- 
ticles of  iron  among  themselves  is  unfavourable,  and  th^  oe- 
cupation  of  the  poles  of  the  vital  air  by  radiant  matter,  pro- 
vents  the  immediate  incidence  of  the  oxygen  upon  the  iron. 
But  if  vapour  or  water  be  present,  then  particles  of  the 
fluid  are  apt  to  place  themselves  upon  the  metallic  surface,  the 
pole  of  the  water  being  conformable  to  one  of  the  four  parts 
of  a  pardde  of  iron.    But  the  affinity  of  iron  (ot  oxygen  is 
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very  great;  liencc  it  induces  the  water.iiito  the  form  of  oxy- 
geo^  and  the  hydrogen  escapes.  There  is  now  an  oxide  of 
iron  in  the  nascent  state ;  and  whether  we  conceive  it  to  contist 
of  five  pfirtidies  of  iron  around  the  equator,  and  one  in  the 
pole»  or  of  two  temate  molecules  of  iron  on  (^ypostte  sidea  of 
tbe.equaU>r>  the  ratio  of  iron  and  oxygen  will  be  the  same 
The  latter  condition  of  the  oxide  is  the  niost  symmetrical 
and  most  analogous  to  other  forms,  and  this  we  may  regard 
as  the  form  of  a  particle  of  peroxide  of  iron.  Each  of  the 
particles  diias  formed  now  unites  with  a  ipartick  of  water  in  a 
maimer  similar  to  soda,  potassa,  magnesia,  lime^  and  othem 
Six  such  particles  unite  into  a  molecule,  that  is,  a  true  hydrate^ 
and  thus  the  metallic  surface  is  covered  with  a  tissue,  sut^led 
to  the  incidence  of  fixed  air.  This  ferruginous  tissue  is  well 
known  by  the  name  of  Rust :  it  is  a  hydrate  of  the  peraxide 
of  iron,  with  more  or  less  fixed  air.  The  same  substaaoe  na^ 
be  immediately  generated  by  several  chemical  processes  in  tha 
laboratory.  The  atomic  weight  of  this  oxide  is  84,  and  the 
ratio  of  iron  and  oxygen  is  24  and  10,  or  100  parts  i>f  iront 
by  being  converted  into  the  peroxide,  will  weigh  14S,  sup- 
posing the  concave  poles  of  all  the  particles  to  be  free  fram 
atoms,  to  the  incidence  of  which  they  are  liable.  Were  they 
all  charged  by  an  atom,  which  is  the  limit,  100  parts  would 
weigh,  in  the  state  of  peroxide,  146*6.  Now,  Bucholz  coo. 
verted  100  parts  of  iron  into  peroxide,  and  found  that  they 
waghed  142.  Hassenfratz  obtained  142*224  in  one  experi^ 
ment,  145  in  another ;  Gay-Lussac,  142*86 ;  Berzelius, 
144*2;  Thomson,  142*6  in  one  experiment,  144*76  in  an- 
odier. 

The  peroxide  of  iron,  when  freed  from  water,  carbonic 
acid,  and  other  bodies,  is  a  bright  red  powder ;  hence  it  is 
often  called  the  Red  Oxide,  or  Saffron  of  Mars.  As  it  b 
usually  procured  from  the  decomposition  of  the  vitrioUte  of 
iron,  or  green  vitriol,  it  is  also  often  called  Colcothar  of  Vitriol. 

This  oxide  occurs  in  nature  very  abundantly  united  Id 
water,  or  adds,  or  both.  With  water  it  forms  the  hssmatites 
and  odure;  the  fcmner  of  which  are  valuable  as  ores,  the  lat- 
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ter  as  pigment&  In  the  fai^ttatites^  tlnce  pMkdes  of  j^Ko^ 
are  usually  attached  to  the  alternate  segments  of  a  partiGfe  6f 
water.  The  ratio  of  peroxide  and  watep  is  therefbrs  lOft  mod 
12,  as  was  ascertained  by  Daubuisson,  who  found  in' th^ 
lysis  of  this  ore  of  iron  flrom  8S  to  84  of  oxide,  and  from* 
to  14  of  water.  When  the  water  is  increased,  so  Ihnt  there 
IB  a  particle  of  water  to  e¥ery  one  of '(x»dev«->-4i  atmctore 
analogous  to  the  true  hydrates,-— 4he  wae»  is  ftiabte;  has  a 
light  colour,  and  constitutes  ochre.  *I#  oehre,  iketa,-  theire 
are  84  parts  of  oxide,  and  13  of  water,' wfakb^f^^tieeB  wkh 
the  analysis  o£X.udbeck,  who  found  from  84  tx>  86  rfiuMe^ 
with  from  12  to  14  of  water.  Ochre  is  abundant  in  nAiit^. 
When  fully  hjrdratedy  it  is  of  a  ^yellow*  colour;  and  tas  the 
water  is  expelled,  it  becomes  gradueHy  more  red'  as  it  ap- 
proaches the  state  of  colcoihar  of  ^triol.  Hence,  by  various 
roastings,  various. pigments  may  be  procured  flrom  one  natu- 
ral substance.  .  Thus  it  appear^  that  in  nature,  the  pefotude, 
in  which  the  oxygen  is  rather  in  excess,  is  united  into  mole- 
cules by  water. 

Black  Oxide^  Proioandc-^But  a  particle  of  oxygen  is  noi 
fully  charged  with  iron  when  in  the  state  of  peroxide.  If  we 
suppose  it  to  receive  a  particle  more  of  iron  on  one  pole,  its 
ratio  will  agree  with  the  composition  of  anvil  scales,  as  ana- 
lyzed by  Berthier ;  for  the  iron  will  be  to  the  oxygen  as  100 
to  S6,  while  he  found  34.5  to  the  same  quantity  of  iron. 
But  this  is  a  form  which  evidently  could  perform  no  ^interest- 
ing part  in  the  economy  of  nature ;  and  on  the  incidence  of 
an  acid,  would  immediately  degenerate  into  the  peroxide,  by 
letting  go  the  particle  of  iron  on  the  pole.  No  number  of 
particles  of  iron  less  than  ten  could  give  rise  to  a  form  of 
such  symmetry  as  might  be  expected  in  nature.  But  from 
this  a  body  of  great  elegance  results,  externally  isamorphous 
with  a  particle  of  east-iron,  or  a  denate  molecule,  already 
described.  This  «is  the  protoxide,  black  oxide,  or  martial 
ethiops.  It  occurs  abundantly  in  nature,'  but'in  it  the  oxy- 
gen is  perhaps  as  much  overcharged  by  iron,  as  in  the  per- 
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oxide  it  is  undercharged ;  and  this  oxide  is  met  with  fbmied 
into  moleculefty  not  by  water,  like  the  peroxide,  but  by  oxy- 
gen. Like  the  other,  it  also  enters  into  union  with  acida; 
and  more  especialiy,  along  with  oil  of  vitriol,  it  conatitules 
that  Tery  interesting  salt  named  Green  Vitriol^  or  Copperas. 
Its  atomic  weight  is  60,  and  the  ratio  of  its  iron  and  oxygen 
u  40  and  10,  or  100  and  26, — numbers  almost  agredng  with 
the  determination  of  Boyle,  who  found  that  100  parts  of 
vteel-filings,  by  being  kept  in  a  cupel  under  «  muffler  for  two 
iMMirs,  acquired  an  accession  of  S7.8  to  their  weight,  d^eoe- 
rating  at  the  same  time  into  a  calx  *.     Many  attempts  have 

*  la  SBother  experiment,  this  admirable  man  excluded  the  afar  by  lut- 
ing the  crucibles  together,  and  found  that  100  parU  of  filings  now  gaincKl 
onljy  in  an  hour  and  a  half,  1.24  parts.  Besides  this,  he  prepared  man/ 
other  oxides,  some  of  wlilch  were  wonderMly  perfect.  Tlnis  he  fymlA 
that  100  parts  of  tin,  bj  becoming  protoxide,  Increased  lt.6  In  wt/lffiit ; 
Oaj-Luasac  having  found  1S.5  parts.  He  perfbnued  a  number  of  aAulfw 
able  experiments  on  oxides  and  sulpbarels,  and  came  to  the  yerj  saaMe 
conclusions  as  are  commonly  ascribed  to  a  date  a  centuiy  later.  Thus 
he  says,  ^  For  whereas  it  is  commonly  supposed  that,  in  calcination,  the 
greater  part  of  the  body  is  driven  away,  and  only  the  earth,  to  wUeh 
chemists  add  the  fixed  salt,  remains  behind ; — ^Wliereas  these  notions,  I 
say,  are  entertained  alnnit  calcination,  it  seems  that  they  are  noC  wt^ 
framed,  and  do  not  universally  hold ;  since,  at  least,  they  are  not  appU^ 
cable  to  the  metals  our  experiments  were  made  on.  For  it  does  not  ap- 
pear by  our  trials,  that  any  jiroportion  worth  regarding  of  moist  and 
ftigitive  parts  was  expelled  in  the  calcination ;  but  it  does  appear  very 
plainly,  that,  by  this  operation,  the  metals  gained  more  weight  thaa  they 
lost  I  so  that  the  main  body  of  the  metal  remained  entire,  and  was  hr 
from  being  either,  as  a  peripatetic  would  think,  elementary  earth,  or  a 
compound  of  earth  and  fixed  salt,  as  chemists  commonly  suppose  the  calx 

of  leaii  to  be Whence  I  conclude  that  the  calx  of  a  metal,  even  made, 

as  they  speak,  per  te^  that  i^  by  fire,  without  addltament,  may  be,  at 
least  in  some  cases»  not  the  o&pui  morhmm  or  lerra  tfamnata^  but  a  magls- 
tery  of  it.  For,  in  the  sense  of  the  most  intelligible  of  the  chemical 
writers,  that  is  properly  a  ma^stery,  wherein  the  principles  are  not 
separated — but  the  bulk  of  the  body  being  preserved,  it  acquires  a  new 
and  convenient  form  by  the  addition  of  the  menstruum  or  solvent  em- 
ployed about  the  preparation.  And  not  here  to  borrow  any  argument 
from  my  notes  about  particular  qualities,  you  may  guess  how  true  it  la. 
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been  hiluie  to  ascertnin  the  composttiM  of  thb  'Oitide^  bj'tlv 
volume  of  hydrogen  diBengftged:  during  the-  6Dlutkm''of« 
known  quantity  of  iron  by  dilute  oil  of  vitriok  In  AACKps^ 
rihient  of  this  kind,  Dr  Thomson  found  that  100  puts' 'df 
iron  in  becoming  the  protoxide,  detained  a  ▼o)uDse"tf -aKy^ 
gen,  which,  estimated  as  vital  air,  waghcd  ST^'parta^  ^  Bm 
it  unites  to  the  iron  as  oxygen.  H^ce  27.ff  is  ^  tixy  nttdi, 
and  the  real  quantity  of  matter  united  to  the  ihiO^fli 
87.5  —  S.5  =  25.  Another  method  is  that  whidi  wai^  pctfi- 
sued  by  Gay-Lussac,  of  precipitating  the  oxide  from  its  M> 
gagement  with  an  acid,  and  weighing  it.  By  these  mean*  be 
found  that  100  parts  of  iron,  in  the  protoxide,  are  exactly 
united  to  25  of  oxygen, — a  result  identical  with  that  ob- 

that  the  greatest  part  of  the  body,  or  all  the  radical  molstixra,  is  espdied 
in  calcination,  which  tlierefore  turns  the  metal  Into  an  arid  InftwiMr 
povrder,  by  Uiis,  that  I  have  aeveral  tlmea,  from  calx  of  lead,  vedu^ 
corporal  lead*  And  I  remember,  that,  having  taken  what  I  guesaed  to 
be  but  about  a  third  or  fourth  part  of  the  calx  of  lead,  produced  by  the 
third  experiment,  I  found,  by  a  trial  purposely  devised,  that,  wlthcat 
any  flux-powder,  or  any  additament,  but  merely  by  the  applicatioti  of  the 
flame  of  highly  rectified  spirit  of  wine,  there  could,  in  a  abort  time,  be 
procured  a  considerable  proportion  of  malleable  lead ;  so  little  was  the 
arid  powder,  whence  this  was  reduced,  deprived,  by  the  fort^iug  calcina- 
tion, of  the  supposed  radical  moisture  requisite  to  a  metal.*'  His  experi- 
ments are  very  numerous ;  and,  after  having  mentioned  that  he  had 
broken  all  his  cupels  and  commodious  glasses,  where  he  could  not  repair 
his  loss,  he  mentions  his  conclusions : — *^  And  the  third  (which  is  the 
principal),  that  it  will  probably  excite  >ou,  and  your  inquisitive  firiends, 
to  exercise  their  sagacious  curiosity  in  discovering  what  kind  of  substance 
that  is,  which,  though  hitherto  overseen  by  philosophers  themselves,  and 
being  a  fluid  far  more  subtile  than  visible  liquors,  and  able  to  pierce  into 
the  compact  and  solid  bodies  of  metals,  can  yet  add  something  to  them 
that  has  no  despicable  weight  upon  the  balance,  and  is  able  for  a  consider- 
able time  to  continue  fixed  in  the  fire.** — (See  his  Experiments  on  the 
Powderable  Parts  of  Flame,  &c.  Boyle's  folio  works,  vol.  iii.  p.  340,  ei  teq.) 
— How  much  occasion  is  there  to  regret,  that  it  is  the  &shion  of  our  day 
to  read  new  books  only,  and  to  quote  each  other,  as  if  the  world  began 
with  us,  forgetting  men  of  such  science,  such  moral  and  intellectual  glory, 
and  such  a  perfect  English  gentleman,  as  Mr  Boyle.  Yet,  perhaps,  it  is 
prudent  not  to  leave  it  to  postciity  to  celebrate  our  age. 
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tained  by  the.  oiber  metliod.  In  this  piuciey  hofrever,  tbei^  b 
an  exoefit  of  iroo^  anii  ita  particles  bave  a  constant  tendency 
to  unite  in  pairs,  by  tlie  niediuni  of  a  particle  of  oxygen. 
This  new  oxide  way  be  formed  by  inclosing  a  coil  of  fine 
inxL  wilhin  a  porcelain  tube,  and  transnyitting  steam  thiougb  it, 
when  hot,  until  the  steam  cease  to  be  decomposed.  The  ratio 
of  iron  and  oxygen  is  80  and  SO,  or  100  and  87^,  as  ex- 
actly  found  by  tlie  discoverers  of  this  substance,  Gay-Lussac 
ai^d  Thenard.  These  philosophers  believe  this  oxide  to  con- 
stitute the  beautiful  minerals,  named  Specular  iron-ore,  and 
Magnetic  irun«ore. 

SulphMTds  of  Iran. 

Iroti  Pjfriies^  Sulphuret  of  Iron. — If  a  pierce  of  hot  iron 
be  rubbed  on  a  roil  of  sulphur,  a  compound  of  iron  and  sul- 
phur falls  in  drops ;  and  if  iron-iilings,  sulphur,  and  water, 
be  mixed  in  due  proportion,  so  violent  an  action  sometiwies 
ensues,  that  their  union  is  accompanied  by  fire.  Sulphurets 
of  iron  are  also  very  abundant  productions  of  nature,  consti- 
tuting common  and  magnetic  iron-pyrites. 

Common  pyrites  is  a  beautiful  brass-yellow  crystalline  mi- 
neral, which  occurs  in  masses  and  tessular  forms.  Every 
particle  of  sulphur  (Fig.  46.)  has  three  equatorial  regions, 
conformable  to  three  of  iron  ;  and  three  particles  of  sulphur 
thus  charged,  and  aggregated  around  a  particle  of  sulphur, 
as  a  nucleus,  may  constitute  a  molecule  of  iron-pyrites.  Or, 
it  may  be  that  the  four  particles  of  sulphur  constitute  a  qua- 
temate  molecule,  and  three  tcrnate  molecules  of  iron  are  at- 
tached, one  to  each  of  the  particles  of  sulphur,  which  arc  in 
similar  positions,  or  to  the  three  conformable  n^ons  of  tlie 
fourth.  In  either  case,  the  ratio  of  the  sulphur  and  iron  is 
40  and  86«  Now,  the  mean  of  Hatcliett^s  analyses  of  iron- 
pyrites,  in  dodecaedrons,  and  in  smooth  and  striated  cubes, 
gives  40  sulphur,  and  S6.4  iron.  This  molecule,  as  might 
be  expected  from  its  beautiful  structure,  demands  the  powers 
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of  nature  and  the  ttiUnen  of  the  mineral  straUi  for  its  pio- 
tluction.  The  artificial  sulphurets  are  rude  substanoef)  ff^^iog 
off  fetid  air,  or  sulphuretted  hydrogen,  when  acted  on  bj 
water  and  an  add.  The  artificial  sulphnret'  makes* «  nearer 
approach  to  the  magnetic  iron-pyrites,*— a  mmeral  of  a  braoie 
colour,  metalUc  lustre,  and  slightly  magnetic  propertieB.  Its 
crystalline  development  is  far  less  perfect  than  that  of  oonmoD 
pyrites.  It  readily  fuses,  and  is  acted  on  by  acids^  yielding 
sulphuretted  hydrogen.  Some  varieties  contain  six  molecules 
of  iron,  or  double  the  quantity  of  the  first ;  others,  again, 
seem  to  have  a  different  compositicm.  The  analyses  of  Hat- 
chett  and  Stromeyer  indicate  that  the  mineral  varies  in  com- 
position. The  molecules  of  the  magnetic  sulphuret  seem  also 
frequently  to  be  mingled  with  those  of  the  common  pyrites, 
which  is  more  nearly  in  the  ratio  of  quiescence. 

It  has  already  been  shewn,  how  naturally  sulphur  is  de- 
veloped, where  successive  particles  of  hydrogen  are  presented 
to  each  other.  It^will  now  be  seen,  that,  after  hydrogen, 
iron  is  the  form  which  is  most  easily  generated.  The  abun- 
dance of  iron-pyrites,  then,  in  nature  is  not  to  be  wondered  at 
It  is  often  the  substance  into  which  organic  substances  are 
most  immediately  resolved  during  their  mineralization.  Thus 
in  peat-moss,  the  leaves  of  plants  are  frequently  seen,  of 
which  the  nervures  are  replaced  by  iron-pyrites,  in  a  manner 
so  beautiful,  that  it  seems  as  if  they  had  been  injected  with 
brass. 

Arsentccd  Pyrites^  Mispickel. — There  is  a  pyritic  mineral, 
of  a  silver-white  and  steel-grey  colour,  which  occurs  not  un- 
frequently,  both  in  beds  and  veins,  accompanied  by  the  ores 
of  silver,  lead,  and  tin.  It  is  sometimes  worked  as  a  silver- 
ore,  in  consequence  of  the  quantity  of  that  metal  which  it 
contains,  and  it  yields  white  arsenic  at  the  same  time.  It  ap- 
pears from  the  analysis  of  Stromeyer,  that  it  contains  a  sep- 
tenate  molecule  of  arsenic,  formerly  described,  six  particles  of 
sulphur,  and  apparently  nine  tcrnate  molecules  of  iron.  The 
iron  and  sulphur  are  in  the  same  ratio  as  in  the  magnetic 
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pyrites  analyzed  by  Hatchett     The  molecules  must  be  vefy 
complicated,  and  no  doubt  vary  in  diflerent  spedment. 

Chlorides  of  /non.— -Chlorine  is  capable  of  entertainbig 
molecules  or  particles  of  iron  on  one  pole  (or  on  the  oonc«pe 
regions  of  the  equator),  or  five  partides  on  both  poles.  HMoe 
there  are  two  chlorides  of  iron.  That  whidi  oootains  ten  par- 
ticks,  and  corresponds  to  the  protoxide,  »  obtained  by  deamw 
posing,  in  a  cautious  manner,  the  protomuriate  of  in»  (a 
green^»loured  salt  resembling  green  vitriid),  and  igniting  the 
dry  matter.  The  chloride  resulting,  named  Ferrane,  is  a  grey 
variegated  mass,  with  metallic  lustre  and  lamdlated  tertnre. 
Its  atomic  weight  is  85,  and  its  chlorine  and  iron  are  45  and 
40  respectively.  Now,  Dr  Davy  who  analysed  it,  found  the 
chlorine  45,  and  the  iron  39.69  which  is  very  near  the  truth, 
though  it  will  not  conform  to  the  atomic  wdght  of  iron  ordi- 
narily  assumed.  The  other  chloride,  named  by  Sir  H.  Davy 
Ferranea,  b  generated  by  burning  iron-wire  in  chlorine  gas. 
It  b  a  beautiful  volatile  substance,  of  a  yellowish4>rown  00- 
lonr,  and  high  degree  of  splendour.  At  a  temperature  a  little 
above  the  boiling  point  of  water,  it  assumes  the  gaseous  state, 
and  on  cooling  sublimes  into  small  iridescent  plates. 

It  seems  to  contain  the  same  quantity  of  iron  as  the  per- 
oxide, and  to  consist  of  a  lemate  mdecule  on  each  pole.  Or 
it  may  contain  five  particles  on  one  pole,  and  one  on  the  other. 
According  to  either  view,  its  atomic  weight  is  69,  composed 
of  45  chlorine  and  S4  iron,  the  analysis  of  Sir  H.  Davy  ha- 
ving jrielded  45  chlorine,  and  ftA,ft  iron. 

Iron  Salts  and  Minerals. 

I 

Carbonaies  of  Iron. — It  has  been  already  stated,  that  rust 
connsts  of  peroxide  of  iron,  water,  and  fixed  air  united  together. 
But  it  is  the  protoxide  which  occurs  most  abundantly  in  nature 
united  to  fixed  air,  and  the  resulting  carbonate  is  found  in  v»« 
nous  states  of  purity  of  composition,  and  texture,  finom  the 
argilhceous  or  clay  iron-stones  to  a  crystalline  ma8B,*whidi  isa 


puM'CirboiMtej  aiMJiyuar  imite>gtrtte»in itpioifciiirmWii  ii|Mtt' 
and  othen.  At  fintaigbt^  indet^,  .ihe.  bmb^  ci  ytttJIiiWi  !»»> 
riedes  of  carbonate  of  iron  or  qpany  iron  resemble  carbonate 
«f  HoM  aofe  a  Utdei  Ils^  gnatv  apedio-fpaviqr^x^h^^iliftriiot 
iglii  tff  iU  ihodibpidai^fhagwrniiy  JtBiMaekeawg  in  tiki4bl#im 
fjpi^  0r  bjranlinued-  csqmuM  to  iha  aunbeam wiSglilv'ritoCii 
iiiaBtiy  dWhiguirii  it  itt  aaonile  vaigliu^i  M^^litiiUoli  fll» 
arii  piioloanda»  and  80  fixed  air;  •  ■  Buchohr  Mwiyaed  diwmytlU^ 
apMnMn  ftom  Eolafdoh-in  Banntby  nuid}  flnind 
aR0O  protoxide^  and  SaSAsediBirii  OViere  itinotfarjOib 
tei*  the  oaibonate  w£'  limcyyAnytiange  fbv  the  kieanhr oAmwU 
IfitBr  ^  -  tbc^  fixed  air  fitaenta  ita  eonvvs/  fioka  'coitemnlyy 
wUobtuwBotsulgeet  to  the  ineidenc0-4>f  atodii.:  Thia>4dk| 
Mini  ifavefy  vdtabia  oie  of  iron.  It  ia  nMl'#iili  iniwi:^ 
dnlar  maiige,  and  in  beds  by  itaelfy.  and  it'ofken  fanalituiaB 
tlte^  gai^[ae  of  otber  ores. '«- There  it  anotlier  6aribaoaia>^iMail 
liaa  been  examined  hy  Bergmann,  in  whioh  only,  one  pattMetf 
fiMd  airia  prewnt  to  etrery  one«f  eoMtf  and  wUeh  iadMtat 
fiire  anakigonB  in  its  structure  to  the  oarixmati  af  )oappari 
Its  atomic  weight  b  65,  composed  of  50  oxide  and  15  fixed 
A I  Bergmann  baring  found  50  and  15.6. 

Phoaphoies  of  Iron, — The  protoxide  of  iron  ooeura  in  na> 
ture  united  to  phosphoric  add,  forming  a  rare  and  sometimes 
crystallme  mineral,  of  a  blue  or  indigos-colour.  It  is  met 
with  in  primitive  countries,  and  also  in  situations  contiguous 
to  the  bones  of  quadrupeds,  whence  it  obviously  derived  ite 
phosphoric  acid.  The  constitution  of  most  of  the  qpedmeiis 
that  have  been  analyzed,  indicates  a  structure  analogoUa  to 
the  carbonate.  A  highly  crystalline  variety  analysed  by 
Stromeyer,  yielded  50  protoxide,  and  37*6  phosphoric  acid, 
the  true  quantity  being  36,  on  the  supposition  that  it  consists 
of  two  particles  of  add,  and  one  of  protoxide.  An  artifidal 
pho6{Jiate  may  also  be  readily  prepared,  in  which  the  prot- 
oxide of  the  natural  mineral  is  replaced  by  the  peroxide. 
It  is  the  persequijdiosphate  of  Dr  Thomson,  and  oonsista 
of  -two  particles  of  add  86,  one  of  protmdde  34,  and  five  of 
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water  60;  the  numben  in  the  analyns of  Dr  Thomioa bemg 
equivalent  to  S6  aeid,  84.2  peroxide,  and  6LS  water. 

JrsimaU qflrom.'^ Afdenic  acid  occurs  in  nature,  united  to 
fxoloside  of  iron  in  two  proportiona,  and  io  both  the  quinalt 
hydro-molecule  b  involved.  The  first  is  analogous  to  ooa  of 
the  arsouates  of  oopper,  and  oooatitutes  a  dark  green  oolouiu 
ed  anincnd,  which  usually  occurs  crystalHsed  in  cubes.  It 
seens  to  consist  of  diree  particks  protoxide  of  iron,  one  qui- 
nate  molecule  of  arsenic  acid,  and  six  of  water.  Were  tbb 
ito  structure^  it  would  contain  IM  oxide,  140  acid,  and'TS 
water.  The  analysis  of  one  sort  by  Chenevix  yielded  16B.7 
protoxide,  140  acid,  and  70  water.  The  other  sort  is  also  iiw 
eluded  in  the  species  Hexaedral  Lirocane-Malnehite  or  Cube* 
ore,  and  consists  of  a  quinate  hydKMnoIecule  of  acid,  four  of 
protoxide,  and  three  of  water,  or  140  acid,  900  protoxide,  and 
48  water.  Chenevix'  analysia  gives  140,  S05.6,  and  4T4. 
Like  the  other  arseniates,  however,  the  number  of  combiaei^ 
tions  seems  to  be  very  great 

Green  Viiriol,  Viiriolaie  ^Iron^-"^  all  the  salts  of  iron, 
none  possesses  greater  utility  in  the  arts,  or  in  chemistry,  or 
performs  so  interesting  a  part  in  nature,  as  copperas  or  green 
vitriol.  It  is  generated  abundantly  by  the  decomposition  of 
iron-pyrites,  and  b  extensively  used  for  yielding  oil  of  vitriol, 
and  other  substances  used  in  chemistry  and  the  arts.  It  is 
also  generated  during  the  action  of  diluted  oil  of  vitriid  on 
metallic  iron.  When  newly  prepared  it  is  a  highly  crystalline 
body,  of  a  green  colour  and  much  transparency.  But  when 
exposed  to  the  air,  it  parts  with  its  water,  and  its  protoxide, 
passing  to  the  state  of  ochre  or  peroxide,  gives  a  ferruginous 
aspect  to  the  crystals.  They  are  very  soluble,  and  possess 
a  styptic  taste. 

A  particle  of  vitriolate  of  iron  consists  of  one  of  oil  of  vi- 
triol, one  of  protoxide,  and  six  of  watar.  But  the  molecule 
seems  to  be  very  large.  We  may  suppose  it  to  be  thus  con- 
structed ;  ax  particles  ot  the  vitriolate,  each  with  its  six  par- 
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tides  gf  water,  arrange  themselves  around  one  which  is  in  the 
centre,  and  has  six  aspects  for  their  reception  ;  and  two  auch 
bodies,  fronting  each  other  and  uniting,  constitute  a  symmetri- 
cal molecule.   It  is,  however,  deficient  in  poles,  and  it  appears 
that  two  particles  of  oil  of  vitriol,  without  being  charged  by 
protoxide,  place  themselves  at  each  extremity  of  the  axis  to 
constitute  poles.     Thus  there  is  an  unchained  particle  of 
vitriol  in  th^  crystal  for  every  seven  of  the  salt.     Suck  a 
structure  agrees  in  every  figure  with  the  analysis  of  Mitadber- 
lich,  which  is  given  to  the  second  place  of  decimals.     But  it 
'sterns  possible  diat' a  particle  of  sulphuric  acid, may  vary  in 
wdght  from  50,  which  is  its  naked  weight,  to  56,  which  is 
its  w^ht  when  fully  charged  with  atoms,  according  to  the 
manner  in  which  the  analysis  is  conducted.     When  a  solu* 
''tion  of  green  vitriol  is  heated  in  the  open  air,  and  aided  by 
the  infusion  of  nitric  acid,  its  protoxide  passes  to  the  state  of 
peroxide.     If  no  vitriol  were  present,  each  of  these  would 
take  down  a  particle  of  water^  and  there  would  simply  be  a 
precipitate  of  the  hydrate  of  the  peroxide,  or  of  ochre.     But 
as  vitriol  is  present,  six  particles,  instead  of  grouping  by 
themselves,  group  around  one  of  oil  of  vitriol ;  and  there  re- 
sults a  salt,  long  ago  named  by  Berzelius  Sulphate  of  the 
Peroxide  with  excess  of  base,  and  by  Dr  Thomson  Pertetra- 
sulphate.     The  oil  of  vitriol  seems  to  he  hydralcd  by  a  par- 
ticle of  water  on  each  pole,  and  three  on  the  intervals  of  the 
equator ;  so  that  there  are  altogether  50^  parts  of  sulphuric 
acid,  204*  peroxidt,  and  72*  of  water, — the  numbers  of 
Berzelius'  analysis  being  50,   203  2,   and   69.5,   severally. 
But  besides  this  salt,  which  falls  down  in  the   solution  of 
gr^n  vitriol,  in  the  condition  which  has  been  mentioned,  an- 
other sulphate  remains  dissolved.     It  is  simply  a  sulphate  of 
the  peroxide,  analogous  to  that  of  the  protoxide,  consisting 
of  a  particle  of  each,  or  50  acid,  34  peroxide.     It  is  the 
persesqui-sulphate  of  Dr  Thomson,  whose  numbers  are  equi- 
valent to  50  acid,  and  33.33  peroxide, — the  oxysulphate  of 
others.     This  salt  is  soluble  in  alcohol,  as  well  as  water ;  but 
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it  cannot  be  made  to  crystallize,  except  when  constituted  in 
molecules  somewhat  analogous  to  those  of  alum.  In  that 
mineral  we  found  that  octaedral  crystals  resulted,  when  a 
parole  of  sulphate  of  potash  was  supplied  to  every  three  of 
vitriolate  of  alumina.  In  the  present  case,  octaedral  crystal* 
may  be  obtained,  by  supplyinfi^  a  particle  of  oil  of  vitriol  to 
every  three  of  the  vitricdate  of  the  peroxide,  the  molecule 
having  apparently  twenty-eight  particles  of  water,  or  seven 
to  each  of  the  four  parts.  These  crystals  were  obtained  by 
Mr  Cooper;  they  are  transparent  and  colourless,  and  {X)S8eia 
a  taste,  as  well  as  crystalline  form,  resembling  alum.  The 
numbers  which  have,  now  been  stated,  require 


Sulphuric  acid,    . 
Peroxide  of  iron, 

TniilUUo. 
,     200*« 
.     102» 

CooptTi  Amlyrii. 
SOO 
100 

Water,       .    .    . 

.     33C" 

SSO 

There  are  many  other  salts  of  iron,  and  it  might  be  easily 
shewn  how  perfectly  their  structure  is  indicated  by  analysis, 
according  to  the  atomic  weights  here  proposed.  Thus,  the 
nitrate  of  the  peroxide,  towards  which  the  nitrate  of  the  pro- 
toxide tends,  is  simply  a  compound  of  one  particle  of  peroxide 
on  one  pole  of  a  truly  hydrated  particle  of  nitric  acid  ;  and 
it  is  curious  to  observe  how  faithfully  the  atomic  numbers  of 
Dr  Thomson,  which  are  so  different  from  those  here  advanced, 
indicate  the  true  structure.  Thus,  under  the  belief  that  the 
pcrsesquinitrate  is  composed  of  1^  atoms  of  nitric  acid,  1  of 
peroxide,  and  8  of  water,  he  states  its  composition,  nitric 
add  10.125,  peroxide  5,  water  9 ;  which  are  severally  equiva- 
lent to  70,  34.5,  and  61.2 ;  the  true  numbers  being  70,  84, 
and  60.  The  subpemitrate  which  follows  in  his  work  *,  seems 
to  consist  of  two  senate  hydro-molecules  of  peroxide,  or  mole- 
cules constituted  by  a  particle  of  water  in  the  centre,  with  six 
of  peroxide  around,  and  one  of  nitric  acid.     One  would  ex- 
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pect  A  nitrate  analogcius  to  the  nitrate  of  the  penmide  of  cop- 
per, with  excess  of  liase. 

Prussian  Blue. — ^Besides  these,  there  is  a  very  interesting 
combination  of  iron  and  cyanogen,  which,  with  peroxide  of 
iron  and  water,  forms  Prussian  Blue  There  ore  two  regions 
on  a  particle  of  cyanogen,  or  hydrocyanic  add  (Fig.  77),  either 
of  which  is  conformable,  in  an  eminent  degree,  to  five  par- 
ticles of  iron.  This  compound  body,  with  a  particle  of  perox- 
ide of  iron  on  its  pole,  and  one  of  water,  probably  oio  the 
other,  which  is  hydrogerent,  seems  to  constitute  Prusoan 
blue.  According  to  this  view,  ferrocyanic  acid  contains  a 
quantity  of  iron  equal  to  that  of  the  nitrogen  which  it  yields 
on  decompoation,  along  with  the  quantity  of  carbon  proper 
to  cyanogen,  and  one  particle  of  hydrogen.  Such  is  the  struc- 
ture asfflgned  by  Dr  Thomson's  analysis.  Including  the  hy- 
drogen, its  atomic  weight  would  be  52,  composed  of  SO^ 
cyanogen,  fXfi  iron,  and  %^  hydrogen.  Prussian  b^ue  would 
conust  of  52  of  acid,  34  of  peroxide  of  iron,  and  12  of  water. 
Now,  Mr  Porret'^s  analysis  gives  53  acid,  34  peroxide,  and 
12.S  water.  The  acid,  in  a  free  state,  is  a  structure  of  ex- 
treme delicacy,  but  is  very  valuable  from  the  varied  tints 
which  it  yields  when  a  solution  of  the  ferrocyanate  of  potassa 
is  infused  on  metallic  solutions.  These  matters,  however, 
require  investigation,  and  I  cannot  help  believing,  that  if  the 
structure  of  such  delicalely  constituted  bodies  is  ever  to  be 
discovered,  it  will  only  be  by  the  method  introduced  in  this 
work,  or  some  one  equivalent  to  it,  and  not  by  a  chemical  des- 
truction of  them,  which,  though  it  be  often  a  true  analysis,  is 
often  but  ill  entitled  to  the  name  of  analysis  at  all. 


On  the  Natural  Distribution  of  Iron. 

Such  are  some  of  the  forms  of  combination  in  which  iron 
is  most  frequently  found  in  nature  and  in  the  laboratory  ;  but 
to  trace  the  modes  of  its  existence  minutely  would  require 
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volumes.  It  is  perhaps  generated  at  the  first  breath  of  the 
youngest  creature  in  the  world,  and  it  is  abundant  in  the 
cddest  granite.  After  radiant  matter  itself,  doubtless  the  dis- 
tribution of  iron  is  the  most  universal.  It  constitutes  a  laige 
proportion  of  mica,  hornblende,  and  clay-slate,  which,  with 
quart!  and  felqpar,  that  are  sddom  altogether  free  from  iron, 
oon^pose  almost  the  whole  crust  of  the  earth.  Besides  this, 
there  are  immense  deposites  of  iron-ore,  both  in  primitive  and 
secondary  countries ;  and  some  very  learned  philosophers  have 
thought  that  the  quantity  of  iron  in  the  interior  of  the  earth 
must  be  immense,  without  so  good  evidence  for  such  a  hypoi- 
thesis  as  is  afforded  by  the  views  advanced  in  this  work.  It 
enters  also  as  colouring  matter  into  most  bodies  which  pos- 
sess colour.  It  is  found  in  the  ashes  of  vegetables,  and  in 
the  fluids  of  animals.  Ferruginous  dust  and  py  ritic  hailstones 
are  sometimes  showered  down  from  the  skies ;  uid  from  these 
regions  there  have  fallen  hundreds  of  masses,  chiefly  compos- 
ed of  iron,  several  of  which  are  of  great  magnitude.  Thif 
reminds  us  of  some  curious  consequences  arising  from  the 
structure  of  iron,  and  let  it  be  remarked,  that  the  foUowing 
observations  apply  only  to  the  substance  treated  of  here.  The 
reader  may  afiirm  that  my  views  in  reference  to  iron  are  ab- 
Burdf  as  it  will  be  very  natural  for  him  to  do  if  he  only  con« 
sider  iron  as  a  mass  of  metal,  but  certainly  they  are  the  very 
phenomena  which  must  be  displaced  by  such  a  substance  as 
that  now  treated  of. 

When  iron  has  been  once  fused  into  a  mass,  so  admirable 
is  the  cohesion  of  the  contiguous  particles,  and  so  small  a  spe- 
cific heat  is  each  of  them  capable  of  sustaining,  that  it  is 
highly  fixed  in  the  fire,  nor  has  it  been  yet  raised  to  the  tem- 
perature at  which  it  boils.  It  appears,  however,  that  an  iron 
ball  cannot  be  often  heated  red  hot  without  losing  weight, 
and  it  is  evident  that  a  departure  of  atoms  which  affects  the 
balance,  must  arise  from  the  evaporation  of  a  most  innumerable 
host.  But  even  disregarding  altogether  the  evaporation  of 
sidereal  particles  from  the  surface  of  the  earth,  the  ease  with 
which  radiant  matter  can  be  transformed  into  iron,  whose 
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hoUmr  ntideus  k  iflUBorphmM  with  it,  will  iiidaee  us  to  as- 
pect it  wtiererer  a  force  eauft%  tendhiig  ta  dewdbpe  it  WImb, 
•tberefoie,  weoonader  the  procKgious  quantity,  of- irao.eiMy 
where diifiiiwif,  e?eii on  themirfiioeof  the eaiihy endrthe |b». 
bebilitiei  of  so  mudh  .more  deepLj.'WUiteii$,*.im  dboiihlLek 
moflt  eacpeci  that  Siderag«B»  .oc  indiTidiDal*  .poMldetiof rira% 
^dieuld  fem  a  conrtitttpfit  peyt of  Aei  et«oiiphew'«ee'ei«iiei 
ndiant  matter  or  HyhigeB.  .  TfaialiiMe  must* alao lie  gaM- 
iBtedrat.tllie  nrfaoeaf  the  earth ■  bj  the « whMm%  \m 'm <— y 
which  hea  been  akeady*  attended  to  whoi  tBBatiiigt4<i£  the 
epfimng  ly  of  ?pertidee  ef  Hydrq^ 

But  (he  oondttaflnref  auch  .a&'afirial  fluid  woald  hm^  mtaj 
diflEJBient  from  that  of  the  groaa  parte  of  the. atmoqphenBy  iiital 
air  and  nitrogen*  It  may  be  qiifrioned'  whether  any 
thai  have  yet  been  taken,  •wooU.he  adequate  to  itk 
Even  Kauifioenig  tta-  partidea  ceatipama^  of  rail 
falemedia  itmuathe  the  moat:Eaie.:^The  amalleetiBfeq^ 
part  conmla  of  a  teeauhr  tiaaue,  ithe  'aidenat  partidba  being 
ao  diapoaed  aa  to  form,  .on  a  geneeaL  Tiewv  the  edgaaof  )a 
penti^ooal  dodecaedfoo,  twenty  partidea  beii^  impllad' in 
the  conatitutioii  of  one  fiirm.  TUa  heownea j  i^pain^  theHW' 
deua  around  which  twelre  are  associated,  and  the  earhiea'are 
so  large,  compared  with  the  quantity  of  matter  which  consti- 
tutes the  frame-work,  that  a  fabric  of  iron  rendered  aidid  in 
this  arrangement  would  be  incredibly  light.  It  wocdd  alao  be 
perfectly  invisible,  and  occasion  no  refraction,  for  rays  of  ra- 
diant matter  may  be  continued  through  it  in  all  directions 
at  angles  of  natural  symmetry ;  and  it  would  permit  aiP  and 
water  to  pass  through  its  vesicular  structure  as  fredy  aa  if 
they  were  passing  through  space.  It  would  be  a  tiaaue  more 
ethereal  than  light  itsel£  But,  at  all  terrestrial  temperatures, 
such  a  tissue  would  not  possess  its  partidea  cohering.  It  would 
exist  in  the  aeriform  state ;  and  I  do  not  know  whether  we 
could  detect  it^  even  though  it  existed  around  us  of  consider- 
able density.  Elasticity,  weight,  refraction,  and  chemical 
union,  are  the  ordinary  indications  of  aSriform  media.     But 
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if  its  symmetry  were  onoe  destroyed  by  oompreiBioB)  it  wteU 
reemrer  it  again  only  by  a  yerytiow  pKoceas,  anaiogoii»-.to 
crystallizaticm ;  for  it  is  not  the  mutual  repukion  of  die  atoiM 
wUcb  keeps  tfiem  at-  this  anusuai  distanoe^  •famnththr  poil- 
lioDS'  of  synnne^  demanded  by  their  attractioaB,  and  the 
i^eslocation  af  it  would  be  a  sbw  prooess,  as  in  othtr  cases 
where  volinnes'  aiwj  expanded  'in-  a  simikr  manner.  Aaito 
chcmieal  utton^- we  dMiuId  «Inu)st  expect  tl^ 
might  be  iuTented  to  disoofferit  if  it  were  actnidly  ptuwit, 
though  it  night  exist  without  interfering' with  die  ordinary 
experimen  ts»'  or  aiqrhow  indicating  its  existence.  Bat  further) 
it  is  to  be  remarked,  that  every  particle'of  this  siderial  aoe* 
dium  must  be  fixed  in  its  position  by  the  tencstrial  magnet* 
isn»;  and-to  causa  the  atoms  leave  their  natural  positioos  and 
unite,- would  require  no  ordinary  eflfort  On  the  otiMr  hand, 
the  traiminaiiim  of  gasealhrough  it  would  be  meat  free^  and 
phenomena  would  be  presented  by  them  as  if  it  were  not  pre^ 
sent.)  Of  whatever  density,  it  would*  evidently  not  be  poo- 
dersMsyfor  it  is  fixed  in  position  by  the  terrestrial  mi^pieiiMr^ 
and  though,  perhi^  a  vchmeof  it,  when  of  tnusualdeiintyi 
might  aseend  so  asto  find  its  true  place  in  the  magnetio  arch, 
it  never  could  depress  the  scale  of  the  balance  in  whidi  it  m^ 
isted;  To  invent  experiments  to  discover  these  things  would 
be  extremely  difficult ;  for  we  could  not  exclude  all  matter 
from  a  given  space^  except- the  siderial  medium,  supposing  that 
we  were  capable  of  generating  a  volume  of  it,  and  the  bueyL 
ancy  wUdi  it  might  occasion  would  very  probably  be  exactly 
balanced  by  the  increased  density  of  the  radiant  medium, 
which  would  be  generated  at  the  same  time,  and  whidi 
nothing  prevents  from  depresring  the  balance.'  Neither  would 
it,  except  in  very  peculiar  storms,  be  agitated,  so  as  to  occa- 
sion a  sensible  pressure  or  wind,  being  still  more  fixed  than 
the  radiant  medium,  and  admitting  a  most  free  passage  of 
the  air  and  Kght  through  it  in  all  directions. 

It  would  be  possible  to  sustain  these  views  by  many  argu- 
ments, and  to  shew  that  phenomena  at  the  surface  of  the 
earth,  which  now  remain  unaccounted  for,  might  derive  from 
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such  a  hypothesis  a  very  happy  expknatioiL     Bttt  it  is  nol 
neoeasary  to  suppose  that  it  possesses  a  density  at  the  sntlaoe 
of  the  earth,  sudi  as  that  we  should  regard  it  as  an  olject  of 
chemical  research.     An  independent  force  exists  to  cause  it 
gravitate  upwards  as  other  bodies  gravitate  downwards ;  and 
tlie  sky  must  be  its  r^ion  of  greatest  density  and  repose.     It 
must  form  a  canopy  at  considerable  elevation  above  our  at> 
mosphere,  spreading  from  both  terrestrial  magnetic  polesy  and 
thus  including  the  world  in  a  gossamer  tissue  of  iron  partideSt 
We  are  accustomed  to  think  of  iron  as  a  gross,  heavy, 
body,  according  to  which  opinion,  it  seems  eminently  absurd 
to  speak  of  iron  in  the  sky ;  but  the  views  advanced  in  thb 
work  lead  iis  to  believe  it  as  more  intimately  rdated  to  is. 
diant  matter  than  any  other  body.    It  is  the  great  stoidiouse 
of  the  attractive,  as  the  radiant  is  of  the  repulsive  principle. 

The  existence  of  this  tissue  in  these  lofty  regions,  a  ooo. 
sequence  that  cannot  be  avoided  from  the  principles  advanced 
in  this  work,  is  indicated  by  the  production  of  meteorites^ 
which,  it  is  perfectly  manifest,  are  c^ten  seen  on  fire  in  c^ons 
very  far  above  the  limits  of  our  atmosphere,  and  are  found  to 
be  composed  of  the  very  elements  which  would  be  most  in^ 
mediately  developed  in  the  siderial  canopy.  These  are,  be- 
sides iron,  hydrogen,  (and  of  course  water),  nickel,  magne- 
sium, silicon,  and  sulphur ;  now  these  are  the  very  bodies 
that  constitute  the  bases  of  all  those  meteorites  which  are 
not  almost  wholly  iron ;  but  in  many  regions  of  the  world, 
huge  masses  of  meteoric  iron  itself  are  found.  The  oxygen 
which  is  contained  in  their  composition  indicates  water,  for  into 
this  element  water  must  be  resolved  in  the  presence  of  such 
substances.  No  view  which  has  as  yet  been  advanced  to 
account  for  these  interesting  bodies,  is  in  any  degree  satis- 
factory.  They  are  seen  on  fire  in  regions  very  much  above 
those  where  the  atmosphere,  granting  to  it  a  greater  elevation 
than  has  ever  been  contended  for,  must  be  already  incapable 
of  generating  combustion.  But  they  are  burned  bodies,  and 
when  they  are  seen  on  fire  are  as  evidently  burning  as  any 
other  bodies  which  are  reduced  more  or  less   to  the  stale 
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of  a  calx  by  uniting  with  oxygen.  They  could  not  be  pnv 
jecled  from  volcanoes ;  for  of  all  the  substances  pngedcd  firooi 
volcanoes,  there  are  none  possessing  a  similar  oompositioiiy 
though,  in  consequence  of  the  fusion  of  the  common  matter  of 
both,  pyroxene  is  frequent  in  both.  It  might  be  supposed 
that  the  large  masses  come  from  the  planetary  spaces  in 
sequence  of  some  convulsion  ;  but  there  is  a  continuous 
of  meteorites  from  masses  weighing  tons  to  impalpable  pofw- 
der,  to  all  of  which  a  similar  origin  must  evidently  be  ascribed ; 
and  we  could  not  imagine  that  the  dust  could  come  from  dis- 
tant planets.  By  this  consideration  the  Moon  is  also  relieved 
from  the  charge  of  throwing  these  stones  at  the  Earth  with  an 
efficacy  which  is  very  marvellous,  when  we  consider  that  the 
earth  is  always  as  high  above  the  moon,  as  the  moon  is 
above  the  earth.  It  is  well  that  philosophy  is  not  always  ao- 
cessible  to  the  vulgar.  The  admirable  Humboldt,  who  has 
seen  many  thousand  aerolites  in  a  single  night,  contents  himself 
with  believing  that  they  certainly  are  not  generated  in  our 
atmosphere.  And  I  cannot  help  thinking,  that  the  view 
which  has  now  been  advanced  explains  their  origin  and  com> 
pomtion  so  naturally,  that  their  occurrence  affords  a  satisfac- 
tory indication  of  the  existence  of  the  siderial  medium,  which 
has  been  introduced  here  as  a  consequence  of  the  nature  of 
iron.  But  if  such  a  canopy  existed,  ought  it  not  somehow  or 
other  to  be  visible  ? 

When  we  consider  the  very  feeble  action  upon  light  of 
sudi  a  tissue  as  the  siderial  canopy,  we  could  not  expect  it  to 
be  visible  in  the  day-time,  during  which  the  intervening  at- 
mosphere must  be  so  much  brighter ;  but  there  does  not  seem 
any  reason  why,  in  very  pure  states  of  the  air,  it  might  not  at 
certain  hours  be  visible  during  the  night,  sustaining  a  feeble 
light  over  the  whole  sky  by  the  solar  illumination  received 
on  its  concave  side  ;  or  producing  a  luminous  caustic,  visible 
in  certain  regions  and  at  certain  hours,  from  the  light  re- 
ceived on  its  upper  side.  In  consequence  of  the  penetration 
of  the  sun's  rays  through  the  diurnal  side,  some  of  them  which 
pass  the  earth'^s  limb  ought  to  be  reflected  from  the  canopy. 
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wbicjb  poasQsses  more  qr  less  tfae^onndf »  oonciiMe  minoc ;  and- 
this  aceoids  wlih  observaticmi.  FQr,tcei«Ainljf^f}jiinii^  Um[  d^k^; 
n^SB  df  night;  there  is  a  light  io  the  sky  h^mem  <ke  alai%.  of 
which  they  are  «ot  the  cause,  aiidiirhioh;eaBB<rt:bejeKplaiiied^ 
hyatmaqpherical  i«fraetion^:r,'BiUfiiPaiHxieti|ii0ali«^tbe  shd 
haa  set»  or  before  he  rkes^his  rayt  aaustr  be  iocUJent*  upcm  ii» 
oenyejc  ride  of  the  caDopy^  on  which,  oould  they-  be'seea^  Ihey 
would  porbbaUy  produce  sudi  crepuscular  phenomena' as  are 
<4iae4rved]near,the  di^  of  Venus;  but  a  pan  <^r  them  ou^t 
also  to  be.  reflected  to  the  surfiace  of  the  planet,  of>^  Earth ; 
for  8U<^  is  the  iStructure  of  the  siderial  medaum,  tbatUi^ie^ie 
reflec^ting  plaoes  in  all  directions.  This  pbeoomenon  wust  be 
most  C^iUy.d^yeloped/where  the  ridenal  canopy  19  moat'ayoft- 
metiical  and  tperfecty. that  is,,  in  the  neutral  re^q,  xa*  ov^ 
theequatdJalpartsaf  the  earth  ;, although  oar.dataara4iat 
sufficiently,  minote  tq  enable  us  to  investigate  the  caustic  that 
would.  be:fprmed,  it  would  certainly,pi«eeiH'the  very.pheno. 
mena  of  the  zodiacal  light.  The  siderial  can<^y^  Jiow^erer,  is 
perhaps  not  every  where  insulated  ^fiXMn  the  earth,(biH«may 
be  connected  at  both. poles.  For  we^oouldMConodve  that^^ 
magnetic  force,  by  which  it  is  solicited,  might  enable  it  ta  pe- 
netrate into  the  denser  parts  of  the  atmosphere,  though,  doubt- 
less^ like  the  radiant  medium,  its  structure  will,  become  more 
perfect  as  it  gains  the  regions  of  serenity  above.  It  is  a  con- 
ductor of  electricity,  yet  its  parts  are  not  so  immediately  con- 
tiguous that  electricity  might  be  transmitted  without  lumi- 
nous phenomena.  We  might  therefore  expect  that  towards 
the  magnetic  poles,  where  the  siderial  canopy  and  arches  are 
incident  upon  the  Earth,  luminous  streams  should  frequently 
be  seen  tending  up  the  canopy,  or  transverse  bands  of  light,  in- 
dicative of  regions  where  the  electric  transmission  along  the 
magnetic  meridians  is  stopt,  and  takes  its  natural  course  at  right 
angles  to  the  magnetic  axis.  The  phenomena  of  the  aurora 
fulfil  these  conditions  perfectly.  Upon  the  whole,  this  side- 
rial  apparatus,  to  which  I  am  almost  forced  by  the  views 
now  advanced  of  the  atomic  structure  of  iron,  which,  it  has 
been  seen,  are  very  applicable  to  the  chemical  relations  of  the 
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metal,  instead  of  being  an  inUrumn  upon  nature  explains 
many  of  the  most  atriking,  and  hitlieiio  inexplicablet  phen»- 
mtna  of  meleorolqgy . 

The  esMtenofrof  tiib  aideiial  canK^y  enables  ua  aUo  to  ex*> 
plain  thepbcnoaMna  of  the  magnetic  needle,  for,  like  every 
otlMT  pokriaedline  or  edgBi  the  quiefloent  position  of  the  needle 
most  be  parallelism  with  that  to  whose  influence  it  is  sulgect 
It  is  thsstfciij  in  every  latitude  found  parallel  to  the  ardi  of 
the  siderial'  medium  above  it ;  and  henoe,  in  all  latitudes  ex^ 
cept  that  W  the  magnetic  equator,  dips  more  or  less  to  the 
north  or  south.  The  local  distribution  o(  iron,  however,  in 
the  crust  of  the  earth,  and  other  circumstances  presently  to 
be  noticcdy  prevent  that  perfect  parallelism  which  would  result 
if  the  globe  possessed  a  perfectly  regular  magnetic  structure^ 
like  one  of  Gilbert's  Terrelke.  And  it  is  well  known  that  the 
same  disturbance  might  be  induced  any  where,  altogether  in- 
dependently of  the  terrestrial  magnetism,  except  in  so  far  as 
we  identify  it  with  the  terrestrial  electricity. 

These  views  might  be  illustrated  at  greatar  length ;  but  it 
seems  to  roe,  that  arguments  for  this  cam^y  are  not  necessary, 
because  its  existence  must  follow  from  the  atomic  nature  dt 
iron.     But  shall  we  say,  that  all  the  siderial  matter  connect- 
ed with  our  planet  is  thus  disposed  of,  or  that  that  which  is 
generated  at  other  planets,  is  confined  to  regions  near  their  sur- 
face ?     Iron  is,  of  all  bodies,  tlie  most  abundantly  diffused  in 
the  earth.    We  see  that  it  is  the  permanent  form  most  nearly 
aUied  to  the  radiant  matter  which  occupies  the  celestial  spaces. 
We  see  that  its  existence  is  compatible  with  any  temperature ; 
we  can  scarcely  avoid  concluding,  that,  where  the  radiant 
medium  is  so  dense  as  to  constitute  a  photosphere,  an  im- 
mense quantity  of  siderial  matter  must  constantly  be  generated. 
At  all  events,  it  is  but  fair  to  believe,  until  we  find  reason  to 
think  otherwise,  that  iron  is  as  abundant  at  other  planetary 
bodies,  as  it  is  at  that  with  which  we  are  acquainted.     No- 
thing  has  yet  been  discovered  by  astronomy  that  would  jus- 
tify us  in  assuming  that  the  constituent  substances  of  other 
stars  are  different  from  those  of  the  earth.     The  nature  of 
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iroDy  however^  which  ts  unveeolvable  bj  fire,  would  lead  ins  to 
kifer^  tbati  in  planetary  bodies  of  very  high  tempeivtoM^  -non, 
silicon,  &C.  would  abound^  instead  of  water^carboOt  and  other 
unezpanded  forms,  or  forms  with  suppressed  faces.    Every 
circumstance  which  can  be  imagined  induces  ua  ta  believe 
that  the  heavenly  bodies,  whose  matter  is  of  a  fixed  natiure, 
such  as  the  stars,  the  sun,  and  the  planets,  severally  oootan 
a  quantity  of  siderial  matter  or  iron,  to  the  developnieiit  of 
which  a  high  temperature  and  great  magnitude  must  be  veiy 
favourable.     As  they  all  rotate,  they  must  possess  magneUc 
poles  more  or  less  nearly  coincident  with  their  poles  of  rota- 
tion.     Hence  a  planet  existing  within  the  sphere  c^  the  ac- 
tion of  the  sun  will,  inunediately  on  the  development  of  a 
sufficient  quantity  of  iron  in  it,  be  embraced  by  the  sun. 
From  his  poles  two  arms  of  siderial  matter  must  be  extended, 
which  will  be  incident  towards  smaller  ones  stretching  up 
from  the  poles  of  the  planet,  and  thus  the  two  will  be  tinited, 
and  the  sun  will  necessarily  cause  the  planet  to  describe 
ellipses  around  him,  in  the  direction  of  his  own  rotalioD.    The 
same  mechanism  explains  the  phenomena  of  double  stars.    It 
is  a  singular  feature  of  the  modem  philosophy,  that  astiono- 
mers  should  have  universally  rested  satisfied  with  the  bdief 
that  there  is  no  physical  cause  for  the  revolution  of  planets 
around  the  sun,  while  they  occupy  themselves  most  as^u- 
ously  in  seeking  physical  causes  for  every  other  phenomenon. 
From  what  has  been  already  said,  when  treating  of  water, 
it  follows,  that  a  comet  is  a  body  in  a  different  state  of  de. 
velopment  from  a  planet.     The  siderial  canopy  and  arch  are 
found  only  at  the  latter.     This  constitutes  it  a  member  of  the 
solar  system,  and  implies  that  it  consists  of  a  substance  of  a 
fixed  nature,  and  contains  a  variety  of  crystalline  substances. 
From  such  a  state  of  things  two  very  important  results  fol- 
low :  Firsts  a  planet  must  revolve  round  the  sun  in  the  direc- 
tion of  the  sun's  rotation,  in  such  a  way  that  the  square  of  its 
periodic  time  shall  be  as  the  cube  of  its  distance ;  and,  secondly^ 
the  limits  of  its  position  in  space  must  be  in  the  plane  of  the 
sun's  equator,  all  the  magnetic  axes  of  the  system  tending 
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to  be  ptmllfil.    It  if  well  known  that  the  tqnareft  of  the 
oecUlationB  of  a  magnetic  body  (oo  completing  the  aros^  the 
aqnares  of  the  revolutions)  are  proportional  to  the  force  bj 
which  it  ii  moved ;  while  it  is  also  proved  that  the  magnetk 
force  emanating  from  both  poles  of  a  magnetic  axis,  and  at 
footing  a  body  susceptible  of  being  attracted  by  that  axii, 
varies  as  the  cube  of  the  distance  between  them ;  hence  the 
squares  of  the  periodic  times,  and  the  cubes  of  the  distances, 
are  both  proportional  to  the  force,  and  to  each  other ;  so  that 
this  law  of  Kepler  follows  physically  from  the  known  laws  of 
magnetic  movement,  as  well  as  mathematically  from  the  pro- 
perties of  central  forces.     But  not  less  necessary  than  that 
their  revolution  should  be  in  one  and  the  same  direction  with 
the  sun^s  rotation,  does  it  follow  that  they  should  tend  to  be 
found  only  in  the  region  of  the  solar  magnetic  equator,  for 
far  on  either  side  an  unipolar  magnetic  state  would  be  in- 
duced, incompatible  with  the  individuality  of  the  planeC^s 
magnetic  axis,  and  the  symmetry  and  existence  of  the  siderial 
canopy  and  arch.     In  the  region  of  the  solar  magnetic  equa- 
tatj  however,  the  planef  s  magnetic  connection  with  the  sun 
reinnns  only  as  a  cause  of  revolution.     There  a  portion  of 
ferruginous  matter,  such  as  a  siderial  canopy  or  satellitic 
arches,  may  exist  without  being  torn  away  to  either  pole  of 
the  sun.     The  occurrence  of  planets  near  the  plane  of  the  so- 
lar equator,  is  a  simple  exhibition  of  the  law  of  symmetry 
educed  by  the  same  forces  as  produce  other  symmetrical 
forms,  and  the  limit  is,  also,  that  their  axes  should  be  paralld 
to  that  of  the  sun.     But  we  know  well  that  several  aocidenta 
may  be  induced  upon  a  surface  to  reverse  the  piles  of  a  body, 
which,  were  it  to  happen  at  any  planet,  would  gradually  ef- 
fect a  complete  semi-revolution  of  the  axis.     It  is,  therefore, 
not  less  in  accordance  with  these  views,  that  several  of  the 
planets  should  have  their  axes  nearly  parallel  to  that  of  the 
sun,  than  that  Herschel  should  have  his  axis  at  present  nearly 
transverse  to  it.     There  is  every  reason  to  believe  that  sudi 
changes  must  take  place  with  extreme   slowness.      In  the 
Earth  the  tendency  to  parallelism  has  been  observed  already 
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ill  a  very  sensible  diminution  of  the  obliquity  at  the  eoliptic ; 
but  the  same  might  happen  from  other  causes,  if  those  oosdi. 
tions  actually  exist  which  are  assumed  in  the  hypothesis' of 
ample  gravitation.  It  would  be  posable,  chiefly  in  conse- 
quence of  the  researches  of  Prc^essor  Hansteen,  to  point  out 
a  great  many  indications  of  a  connection  between  the  tarres- 
trial  magnetism  and  the  positions  of  the  heavettly  bodies. 
Thus,  the  terrestrial  axis  is  decomposed  into  tw<^  whidi  may 
mark  the  axes  of  the  solar  and  lunar  arches.  There  is  also  a 
regular  monthly  variation  in  the  magnetic  intensity.  The 
terrestrial  magnetic  poles  are  bdieved  to  recede  in  the  some 
direction,  and  with  the  same  angular  velocity,  as  the  equi* 
noctial  points.  When  the  Earth  is  in  the  region  of  the  pm- 
hdion,  the  magnetic  intensity  is  stronger  than  when  it  is  in 
the  aphelion.  The  magnetic  needle  acknowledges,  the  influ- 
ence of  the  sun  upon  the  earth  (independently  oi>  hia  light 
and  heat,  for  the  same  effect  takes  place  at  great  jdepdui^ywad 
the  north  verse  pole  moves  to  the  west  during  the  time  of  the 
most  intense  solar  action,  as  is  usual  in  electro-magneticvexpe- 
riments,  when  the  south  verse  pole  is  the  positive  electric  pole. 
But  experiments  in  the  terrestrial  magnetism  have  hitherto 
been  so  much  confined  to  the  northern  hemisphere  as  to  ren- 
der it  advisable,  in  the  mean  time,  not  to  insist  too  much  up- 
on  these  analogies.  It  may  only  be  remarked  further,  that 
the  aurora,  which  is  no  doubt  a  portion  of  the  sidcrial  cano^ 
py,  rendered  visible  by  the  transmissbn  of  electric  light,  is 
most  frequent  about  the  two  seasons  when  the  Earth  is  in  its 
ascending  and  descending  magnetic  node,  when  the  symme- 
try of  the  terrestrial  axis  is  most  perfect,  being  then  bisected 
by  the  neutral  plane ;  and  the  same  is  said  to  be  the  case 
with  the  zodiacal  light,  which,  as  has  been  stated,  is  a  por- 
tion of  the  same  canopy,  rendered  visible  by  reflecting 
through  it  the  sun's  light  some  time  after  he  has  set  and  be- 
fore he  rises.  To  these  remarks  are  to  be  added  those  which 
have  been  already  made  respecting  the  action  on  the  move- 
ments of  the  heavenly  bodies,  arising  from  the  structure  of 
the  medium  of  light. 
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ThtiB,  during  the  investigation  into  the  chemical  conttitu- 
tion  of  bodies  in  this  work,  some  remarks  have  fallen  to  be 
made  regarding  the  mechanism  of  the  solar  system.  The 
chief  oonclusioos  connected  with  these  remarks  are, 

1.  That  comets  may  exist  in  any  region,  and  prooeed 
through  the  cdestial  spaces  in  the  same  direction  as  planets, 
or  Ib  a  contrary  direction,  or  any  otherwise  whatever. 

8.  That  [Janets  can  only  continue  to  exbt  in  a  certain 
zone  of  space,  of  limited  breadth,  including  the  mAar  equa- 
tor. 

8.  That  planets  can  only  revolve  in  the  direction  of  the 
sun^s  rotation,  and  satellites  in  the  direction  of  their  prima- 
ries, t 

4.  That  the  medium  of  light  in  which  the  planets  move 
possesses  a  structure  which  tends  to  induce  and  sustain  their 
rotations  and  revolutions  in  their  orbits  in  the  same  directioii. 

5.  That  the  intensity  of  the  light  and  heat  produced  by 
the  sunbeam  at  the  surfaces  of  the  different  planets,  does  mat 
decrease  in  the  subduplicate  ratio  of  their  distance  from  the 
sun,  but  is  most  probably  r^ulated  by  the  same  law  as  that 
which  expresses  thdr  gravitation  towards  him. 

These  conclusions,  to  which  we  have  been  accidentally  led 
by  the  investigation  of  the  constitution  of  matter  and  chemi* 
cal  phenomena,  are  in  no  degree  at  variance  with  the  Princi- 
pia  of  Newton,  or  any  thing  founded  on  the  laws  of  central 
forces.  It  only  requires  a  substitution  of  a  physical  mecha- 
nism instead  c^  the  conception  of  a  mechanical  impulse  U> 
adapt  the  demonstrations  commonly  received  to  the  state  of 
things  advanced  in  this  work.  But  such  views,  touching  cur- 
rent opinions  to  the  quick,  ought  only  to  be  insisted  on  in 
posthumous  works,  when  their  author  is  beyond  the  reach  of 
suffering. 
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ANIMALS  AND  PLANTS. 


OF  SENSIBILITY. 

*'  Lapides  crescunt. 
Vegetabilia  crescunt  et  vivunt 
Animalia  crescunt,  vivunt,  et  sentiunt.** 

Such  is  the  beautiful  climax  by  which  Linne,  with  his  own 
peculiar  felicity  of  contrast,  has  characterized  the  three  king, 
doms  of  Nature  in  his  admirable  Philosophia  Botanica.  And 
though  doubtless  we  oftner  hear,  in  our  day,  of  the  division 
of  Nature  into  the  inorganic  and  the  organic  kingdoms,  I 
cannot  but  regard  the  classification  of  the  Swedish  naturalist 
as  at  once  more  ancient  and  more  natural. 

In  the  preceding  pages  cause  enough  has  been  shewn  why 
a  group  of  mineral  particles,  not  yet  arranged  symmetrically, 
should  accomplish  all  that  is  implied  in  the  word  crescunt; 
nay  more,  it  is  evident,  from  ihe  laws  of  atomic  action  which 
have  been  illustrated,  that,  after  a  group  of  particles  had  at- 
tained to  their  most  symmetrical  positions,  any  change  in  tlie 
physical  circumstances  of  the  mass,  if  it  possessed  a  deliccUe 
structure^  might  occasion  such  a  phenomenon  as  might  be 
expressed  by  the  term  decrescunt     The  word  vivunt^  then, 
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a[^lied  by  Linn^  to  the  vegetable  kingdom,  if  luppoted 
merely  to  express  evolution  and  decay,  exhibits  nothing  very 
strange  to  us.  But  the  term  senHuni^  which  is  used  to  cha- 
racterize the  animal  kingdom,  implies  something  altogether 
novel. 

We  have  examined  the  action  to  which  the  atomic  struc- 
ture of  matter  gives  rise,  in  a  multitude  of  substances  most 
dissimilar  to  each  other,  such  as  light,  water,  air,  phospho- 
rus, nitrogen,  vital  air,  iron,  nlica,  carbon,  and  many  others. 
But  in  every  instance  the  phenomena  resulting  were  strictly 
mechanical,  such  as  could  be  anticipated  or  explained  by  the 
knowledge  of  a  few  laws  of  motion  and  polarised  action. 
They  consisted  exclusively  in  movements  tending,  by  the  ac- 
tion of  certain  mechanical  laws,  to  improve  the  physical  coil-> 
dition  of  the  substance  which  moved,  by  causing  it  to  ap- 
proach towards  a  spherical  form.  Certain  it  is,  however, 
that  in  a  large  class  of  beings,  their  bodies,  composed  of  those 
very  substances  which  we  have  examined,  are  further  pos- 
sessed of  the  wonderful  power  of  feeling,  and  of  moving  their 
organs  in  directions  quite  contrary  to  those  to  which  they 
must  be  solicited  by  genuine  atomic  forces.  Nay,  besides 
this  power  of  feding  and  of  producing  movements  of  sensi- 
bility, they  also  possess  a  knowledge  of  their  own  existence, 
a  power  of  contriving  and  executing  schemes,  which  are  never 
performed  by  nature,  and  of  moving  and  shaping  matter  into 
imoatural  forms  according  to  what  they  call  their  will.  The 
observation  of  such  phenomena  as  these,  to  which  this  sec- 
tion chiefly  relates,  introduces  us  now,  as  it  were,  into  a  new 
creation;  for  these  are  phenomena  obviously  of  a  nature 
quite  different  from  the  movements  of  atoms ;  and  we  are  at 
first  «ght  led  to  conclude  that  an  animal  must  be  composed 
of  some  very  noble  and  superior  sort  of  essence,  whose  action 
consists  in  feeling  and  thinking,  which  is  embodied  in  an 
atomic  structure,  for  the  purpose  of  connecting  it  with  the  ma- 
terial world  around,  and  for  enabling  it  to  execute  its  designs. 
Such,  in  review  of  what  has  already  been  shewn  in  reference 
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tp  the  stnictiue  of  the  worUy  iwcmato  be  dw  moit  fe^luple 
oondiMian  requesting  tbeifionirtitution  of  aninalfi  But  when 
we  obseire  tbephenoiQeM^if  tbe  amnu^ 
ctetwji^  we  jiBe  ept^o  |gi»^aur,|yiiip^)Siflfe^^OBfidtoee>iiii;tiA 
opiiiion;  and  finding  the  perfectioQ  of  mind  and  bodjf^in 
animab  elwByBkfifgfhgtt'i'i^  ire^&el  Htfomdi  bjr 

lucfa  a  ooinddence^  to  «U9eiBt  that  the  pbenooMiia.  of  mbhU- 
mgr  ond  fomsldfin  muat  xealljy  .some  wqr-'.ori  others  be 
aacribcd  tO;  the  fttomw  ■tnictme of  theae  ooinalat}  andl  dai. 

i^^pff  ^^^^Hk^"  ^^^^f  aw  flB^wv^w  (^^^^vymas   ■  ^^B^^^^pi  v^^^^^^v  wv^^^wv  vN^a^^^aFv^'^^    •^wO'^^aw^^w^^     ^ww^^^^^b^^pj^ 

mvepe9t%  of  wfaidh  i^vm:  fim  to.  las^.duiiiig  itbe  -frinie 
.teiKMrof  tbev life,  they  axoLguiltyyOani be noth^ 
.oortain  atomic  inamty,  to.  which  matter.  beoooMa'  aolgeet 
wbfto  made  hot  in  their  oentnd  parte.  If  mind  .bean  ammc 
ippetion  a|  all*  we  muat  admit  that  it  ia  an.ataBBiainanMfty ; 
Cor  hitherto  we  have  found,  and  finmd  wo^umkatif^'madm^ 
often,  aa  to  entitle  ua  to  aaaume  it  aa  an^mifivarmtlaw^  Aat 
every  movement, ,eveiy  function  of  atoma^whBteven  'tandaiD 
thet  improvement  of  the  atomiemaaa  whiA  dKae«toiiia 
atitute.  Sensibility  and  cogitation,  howeven,  waste  and 
aolve  our  bodies,  often  rendering  them  unfit  for  thnr  own  or- 
ganic activities.  In  constituting  mind,  therefore, '  atoms,  it 
must  be  confessed,  are  working  quite  contrary  to  th^  l^i- 
timate  and  good  habits ;  and  if  mind  be  an  atomie  function  at 
all,  then  we  must  admit  that  it  is  an  atomic  insanity. 

Is  this  strange  atomic  action,  then,  (which  must  not  be  dis- 
believed simply  because  it  is  strange),  proper  to  every  atom 
constituting  a  sensorium  or  mind;  or,  is  it  the  resultant  of 
the  whde  group,  a  phenomenon  depending  solely  on  relative 
position,  each  atom  taken  by  itself  being  a  simple  atom,  poo- 
sessing  no  other  specific  properties  but  those  which  hav«  been 
already  ascribed  to  atoms  universally  f 

If  a  mind  be  proper  to  each  atom  individually,  the  little 
bodies  which  fill  all  space,  and  constitute  the  radiant  medium, 
can  be  nothing  else  than  so  many  animals,  so  many  minds, 
each  invested  with  his  own  little  pyramid  for  a  body  on 
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which  he  aits,  most  truly  Kke  an  andent  priest  on  his  tripod, 
the  subtile  atmosphere  around  serving  him  for  breath,  or  the 
matter  of  inspiration,  which  certainly  it  might  do,  better 
than  any  thing  that  could  be  procured  at  Delphi ;  and  this 
is  so  far  well ;  for,  if  we  provide  a  body  to  the  mind,  it  b 
but  discreet  to  find  breath  also.  Or  if  any  one  prefer  to 
place  the- mind  of  the  atom  in  its  interior,  which  happily  my 
demon  disposed  me  to  conjecture  might  be  hollow,  in  a  page 
during  the  printing  of  which  the  ensuing  investigation  was  not 
contemplated,  I  will  make  no  objection ;  for  not  only  do  we 
commonly  ^nd  mind  attached  to  central  parts,  but,  in  tfab 
instance,  in  particular,  there  seems  almost  a  necessity  for  the 
atomic  mind  to  possess  such  a  retreat  The  shattering  which 
tlie  monad  most  sustain  in  the  sunbeam  must  be  quite  dreadftil. 
To  be  tossed  backwards  and  forwards  458,000,000,000,000 
times^  every  second,  from  the  beginning  of  time  to  the  cofw 
summatioD  of  all  things,  is  'indeed  a  fearful  destiny  for  any 
one;  and  it  is  much  to  be  wondered  at,  that,  in  these  dr- 
cunstances,  the  radiant  atoms,  if  they  really  have  minds, 
can  be  in  so  good  humour  as  to  favour  us  on  every  occasion 
with  those  beautiful  forms  which  they  pourtray  during  the 
torturing  experiments  of  physical  optics. 

But  if  it  be  said,  that  the  minds  of  the  radiant  atoms  are 
too  ttmple  to  suffer  or  to  possess  any  sensibility  whatever,  then 
their  action,  pertiaps,  consists  in  thinking ;  or  if  it  be  justly 
said,  that  it  is  absurd  to  expect  cogitation  in  a  mind  that  is 
incapable  of*  feeling,  then  their  action  may  perhaps  conrist  in 
the  exercise  of  some  spontaneous  power,  different  Axnn  any 
oi  the  actions  of  matter  hitherto  detected,  and  yet  neither 
feeling  nor  cogitation,  but  merging  into  either,  in  the  proper 
circumstances.  The  lowest  mental  power  which  we  can  con- 
ceive any  body  having  mind  to  possess,  is  that  of  moving  it- 
self spontaneously,  that  is,  contrary  to  the  natural  movements 
of  its  molecules.  Hence,  were  our  hypothesis  good  respect* 
ing  the  rudimentary  mind  of  the  atom,  the  phenomena  of 
physical  optics  ought  to  vary  at  different  times,  and  in  dif- 
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ferent  places,  according  to  the  mutual  sympathy,  the  fimcy, 
fashion,  state  of  feeling,  run  of  radiant  opnion,  or  march  ot 
intellect  among  the  atoms  which  encircle  the  observer.  But 
even  though  there  be  very  considerable  differences  in  the  re- 
sults of  observations  at  different  times  and  places,  I  fear  it 
will  not  readily  be  granted  that  they  arise  from  swarmings, 
and  other  social  phenomena,  occupying  the  atoms  of  the  ra- 
diant medium  experimented  upon.  On  the  other  hand,  there 
seems  no  reason  to  deny  the  common  opinion,  that  the  move> 
ments  of  the  parts  of  the  radiant  medium  are  the  moat  ex- 
quisitely passive  and  mechanical  of  all  known  phenomena, 
and  are  so  calculable  by  geometry,  that  nothing  durst 
be  ascribed  to  accident,  which  ^ves  at  least  a  posmbility 
for  the  interference  of  mind.  It  must  be  admitted,  then, 
that  the  whole  amount  of  the  positive  evidence  is  quite  op- 
posed to  the  hypothesis,  that  each  particular  atom  of  the  uni- 
verse  has  a  mind  of  its  own, — a  hypothesis  which,  though  it 
has  had  ingenious  advocates,  it  is  difficult  to  discuss,  without 
a  latent  feeling  of  the  ludicrous,  scarcely  to  be  controlled  by 
the  disposition  to  be  grave. 

If  these  atoms  have  not  minds  of  their  own,  and  it  be  still 
maintained  that  mind  is  a  function  of  atoms,  the  mental  pheno- 
mena must  arise  from  the  grouping  of  atoms,  and  must  depend 
upon  relative  position,  every  atom  having  that  intrinsic  qua- 
lity which  gives  rise  to  sensibility  and  cogitation,  when  atoms 
are  properly  grouped  for  performing  these  functions. 

The  simplest  stale  of  atomic  relationship  which  we  can  ima- 
gine is  the  Torricellian  vacuum.  Here  we  have  a  volume  of 
radiant  matter  insulated  almost  in  a  state  of  purity.  Is  there 
any  evidence,  then,  that  the  Torricellian  tube  possesses  a 
mind  ?  We  know  that  bad  weather  depresses  our  mind ;  it 
has  the  same  effect  upon  the  barometer,  a  phenomenon  which 
philosophers  have  never  yet  explained.  May  not  the  pheno- 
menon be  an  affection  of  mind  in  both  cases  ?  May  not  the 
Torricellian  tube  be  very  sentimental,  but  only  labour  under 
an  inability  to  express  itself,  as  is  usually  the  case  with  such 
as  are  very  sentimental.    This  may  seem  ridiculous,  but  that 


OF  ANIMAIJb  407 

is  no  good  reason  why  it  may  not  be  tme^  lor  ridicule  ia  nu 
tber  an  evidence  of  ignoianoe  than  a  lest  of  truth  ;  and  veve 
it  not  for  the  tables  of  the  elasticity  of  vapour,  the  pfacno* 
mena  of  light  and  radiant  heat,  in  a  word,  all  the  actual  pbe- 
nomeoa,  we  might  receive  the  doctrine,  that  a  TorriceUian 
vacuum  may,  ibr  any  thing  we  can  affirm  to  the  contrary, 
contain  an  individual  aentttive  and  cogitative  mind,  not- 
withslanding  the  ridicule  that  some  might  be  indinied  to  eib- 
tend  towards  such  a  notion.  For  my  own  part,  the  qsinion  does 
not  seem  to  me  more  ridiculous,  than  that  the  fixed  stars  should 
be  made  visible  by  hard  particles  striking  ofi^  from  them,  tiB*^ 
vriling  through  space  in  right  lines  for  years,  and  then  im* 
pinging  on  the  bottom  of  the  eye ;  or  even  that  the  celestial 
spaces,  though  full  of  this  matter  of  a  vortex  in  the  state  of 
a  chaos,  should  be  regarded  as  a  vacuum.  Being  thus  im* 
pressed  with  a  sense  of  the  ridiculous  in  contemplating  sudi 
notorious  articles  of  modem  philosophy,  I  must  therefore  be 
excused  for  refusing  to  reject  an  opinion,  because  it  is  ridico- 
.lous«  All  the  phenomena  of  the  Torricellian  vacuum,  how- 
ever, are  contradictory  of  the  opinion  that  it  has  feeling  or 
cogitation  ;  it  is  therefore  wholly  to  be  abandoned.  Are  we, 
then,  to  suppose  that  nitrogen,  the  characteristic  constituent 
of  sentient  beings,  possesses  a  mind  ?  Or  is  mind  the  result  of 
a  certain  mixture  of  nitrogen,  carbon,  oxygen,  hydrogen,  and 
water  ?  We  cannot  discover  any  reason  why  these  substances 
should  take  on  this  phase  rather  than  the  diamond,  manga- 
nese, chlorine,  silica,  or  iron. 

In  fact,  it  must  be  acknowledged,  that  all  known  pheno- 
mena displayed  by  these  and  other  substances,  can  be  at* 
counted  for  by  a  few  simple  Liws  of  motion,  the  action  of 
mind  being  excluded,  and  this  is  equivalent  to  the  disproval  of 
its  action.  If  we  suppose  mind  to  be  intrinsically  an  atomic 
phenomenon,  we  can  discover  no  reason  whatever  why  it 
should  be  found  associated  with  nitrogen  rather  than  other 
substances,  which  present  no  traces  of  mental  phenomena. 
But  if  we  assume  that  the  body  of  an  animal  is  a  {nece  of 
mechanism  contrived  so  as  to  serVe  the  purposes  (^  mind, 
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an  essence  distinct  from  atomi,  then  there  is  a  most  obvious 
reason  why  nitrogen  and  no  other  substance  should  be  the 
characteristic  constituent  of  animals.  For  nitrogen  is  the 
only  undecompounded  form  capable  of  going  immediately  to- 
wards the  constitution  of  contractile  fibres,  by  which  an  ani- 
mars  body  may  be  moved  in  obedience  to  its  will. 

It  cannot  be  denied  that  the  whole  evidence  which  the  first 
blush  of  this  inquiry  afibrds,  is  adverse  to  the  qainiDli  that 
sensilnlity  and  ^oogitaUon  are  essential  properties  of  atoms 
in  any  circumstances  whatever ;  and  the  most  probaUe  and 
satisfactory  hypothesis  is,  that  mind  is  a  third  essence,  whose 
proper  action  consists  in  feeling  and  cogitation,  Mid  whidb, 
iriien  associated  with  atomic  bodies,  directs  the  movements 
of  subtile  matter,  as  that  subtile  matter  directs  the  movements 
of  atomic  matter.  But  this  is  a  subject  in  which  the  mind  k 
not  satisfied  with  conjecture,  or  even  with  strong  probalnlity, 
while  ^ere  remains  a  hope  of  acquiring  certain  knowledge. 


OF  THE  NERVOUS  SYSTEM. 

It  is  agreed  on  all  hands,  that  the  part  of  an  animal  on 
which  sensibility  and  perception  are  most  immediately  de- 
pendent, is  the  nervous  system  ;  and  this  is  evidently  the 
characteristic  of  the  animal  nature.  Its  development  in  the 
ovum  is  analogous  to  the  development  of  an  embryo  in  a  seed 
during  maturation.  It  assigns  the  place  in  the  scale  of  or- 
ganized beings,  which  the  animal  to  be  evolved  shall  occupy. 
It  is  that  to  which  all  the  organs  are  subservient.  The  skulj 
and  spine  give  it  immediate  protection  :  the  ribs  render  possi- 
ble a  regular  respiration,  on  which  the  state  of  the  brain  is 
immediately  dependent :  the  bones  of  the  extremities  give 
support  to  muscles  designed  to  move  the  body  according  to 
the  suggestions  of  the  mind,  which  the  nervous  system  ac- 
commodates or  manifests.  In  a  word,  the  nervous  system  is 
the  superior  of  the  animal  machine,  in  relation  to  which  all 
the  other  organs  are  developed  and  act.     The  muscular  sys- 
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teni)  however,  has  obviously  an  organic  siructim  and  ftuio- 
tion  far  more  perfect,  and  its  deveiopniaEit  oonsdtu^'  the 
dimax  erf  iatomic  action^.  By  it  the  animal  » enabled  to  >a»» 
Bume  its  place  in  creation^  and  the  brgwniurtiopi^f  nunapV 
seems  to  be  the  most  exquisitle  poduct  <rf  natter.  *  ^ 

The  stnietareof  the  nenrous  system,  on  di9'Otl«.  hand, 
seems  to  be  extremely  rudimentary  and  merai|;anio,or  ahnost 
aystfldline.     It  iaev«ninoi»  analogous  ta  that  of  tba.  bones, 
than  the  soft  parts.     It  contains,  aooordiig  to  Vauqndin, 
only  Ift-SS'per  oent  of:  animal  matter,  and  that,  of 'the  more 
imperfect  sotts^  such  as  fatty  matter,  oamasom^,  and  albu- 
men ;  of  the  remainder,  80  per  cent  is  mere  water,  and  6*86 
per  cent,  consists  of  phosphorus,  sidphur,  adds,  and  salts^   It 
is  not  to  be  wondered,  then,  that  nen/ous  matter  should  be 
destitute  of  decided  irritability,  or  the  power  of  retraction  on 
the  application  of  a  stimulas.     What  diiefiy  exdtes  wonder 
is,  that  a  mass,  composed  of  such  elements,  should  be  capable 
of  assuming  an  organic  structure  at  aDi     The  texture  of  the 
brain  is  so  very  delicate,  or  temporary,  that  oerebral  matter 
cannot  be  froaen  and  thawed  again,  without  complete  deoom^ 
position.     It  putrefies  sooner  than  any  other  part  of  the  ani«- 
mal ;  nay,  we  may  justly  question  whether  the  insensibility 
preceding  death,  be  not  the  eftect  of  a  disorganization  of  the 
cerebral  tissue. 

The  nervous  system  in  the  most  perfect  animals,  consists 
of  three  parts—the  brain  in  the  head,  nervous  filaments  dif- 
fused through  all  parts  of  the  body,  and  foliaceous  or  capsu- 
lar expansions  at  the  tips  of  the  nerves.  The  brain  consists 
of  two  parts— animal  globules  arranged  in  particular  direc- 
tions, and  a  hyaline  matter,  which  is  aqueous  or  gelatinous, 
according  to  circumstances.  The  foliaceous  expansions  at 
the  extremities  of  the  nerves,  arc  wholly  composed  of  this 
hyaline  matter.  Could  we,  then,  dissect  away  from  a  human 
body  all  the  parts  which  do  not  immediately  form  a  part  of 
the  nervous  system,  there  would  remain  a  hyaline  filmy  model 
oi  the  human  form;  and  were  the  parts  permitted  to  fall 
away  into  more  natural  positions,  without  thdr  organic  con- 
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nectiQiis  bang  destroyed,  the  whole  would  ponaoBB  the  fimi 
-oC  a  plant  inTected,  the  hraia  being  the  mot,  the  verlobad 
coliimD  the  stem,  the  nervei  the  brancheB  and  kaf-otidlu^  the 
hjaline  expeniiGDs  at  their  extiemitiet  the  kenrea.    The  eel- 
iMm  or  centre  of  the  vegetative  bodj,  woiild.be  at  the  maduUa 
oMongita,  where  the jnerveaof  the  regpiiatory  ajpitem aae at- 
.tached.to  the  tymnietiical  ayateai.  With  legaid  to  the  afnanc 
.comtitution  of  the  brain,  what  cfaieflj  demands  our.  atisBition 
is  the  hyaline  matter,  to  which  the  globular  mokoiileaaeem  evi- 
dently enough  to.serve  as  an  osaeous  system,  giving  direetioii 
and  support  to  the  particles  of  which  the  hyaline  matter, 
dsts.    The  quantity  <rf.  this  hyaline  matter  in  man  ii 
with  thedevdopment  of  hisfSunilties.  It  is  more  abundant  in 
-the  human  spedes  than  in  any  of  the  inferior  aaimala;  and  it 
is  remarked  in  dissections  of  the  morUd  brain,  that.diynessi 
or  an  increase  of  globular  matter,  is  generally  ibund  assnria 
ted  with  a  deficiency  of  intellectual  power.    Every. pheno- 
•menonconnected  with  this  substance,  induces  the  bdief  that  it 
is  the  sensorium  of  the  animal,  and  that,  upon  its  quantity 
-and  particular  atomic  structure,  the  animal^s  power  of  aund 
depends.  . 

-  YSThat,  then,  is  the  nature  of  this  hyaHne  matter  ?  In  a 
recent  brain  it  is  found  in  a  gelatinous  or  coagulated  state :  it 
disappears  in  water,  and,  by  being  congealed,  is  converted 
into  water.  ^^  If  a  portion  is  cut  off  from  a  brain  in  a  fredi 
state,  before  it  has  been  put  in  water,  and  liud  upon  a  dry 
plate  of  glass,  and  covered  by  a  cup  so  as  to  prevent  evapo- 
ration, a  perfectly  colourless  aqueous  vapour  is  exuded,  which 
evaporates  on  exposure  to  the  air,  and  hardly  leaves  any  mark 
upon  the  glass.  The  cortical  substance  of  the  cerebrum  con- 
tains also  a  fluid  resembling  the  serum  of  the  human  blood ; 
it  has  a  yellower  tint  than  the  fluids  in  the  medullary  sub- 
stance, or  any  other  part  of  the  brain  ;  and  when  dry  it  as- 
sumes the  glassy  appearance,  and  forms  the  same  cracks  that 
serum  does  when  dried  on  glass  *.*" 

*  See  Sir  £.  Homers  Lect.  on  Comp.  Anat.  vols.  Hi.  and  ▼.     I  do  not 
doubt  but  Leeuwenhoek  saw  the  complicated  structure  in  tliebnin  whifh 
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This  substance  evidently  consists  of  water  with  some  parti- 
des  interspersed  amongst  it,  which  cause  it  to  form  a  gdlatinous 
mass.  The  gelatinizing  i^ent  is  expelled  by  congelation,  and 
departs  spontaneously  when  the  tremulous  substance  has,  in  the 
progress  of  decompomtion,  become  simply  of  an  aqueous  coo- 
sistenoe ;  for  scarcely  can  a  drop  of  water  be  found  so  pure^  or 
an  atmosphere  in  which  it  may  evaporate  so  free  from  foreign 
partides  suspended  in  it,  but  some  stain  will  be  left  upon  a  plate 
of  g^asB,  from  which  a  drop  of  water  has  evaporated.  It  ap- 
pears aho^  that  the  yellowish  matter  taken  from  the  cortical 
substance,  and  which  was  in  a  liquid  state  when  examined, 
contains  more  cf  the  gelatinizing  agent  than  that  taken  frtMn 
the  medullary  substance  examined  in  the  tremulous  state,  for 
it  left,  upon  evaporation,  a  vitreous  brittle  substance,  and  not 
a  slij^t  stain  only. 

The  physical  characters  of  this  gelatinous  substance  are 
every  way  the  same  as  those  o{  the  gelatinous  strata  and 
masses,  which  we  find  investing  as  an  atmosphere,  or  forming 
a  nidus,  or  entering  into  the  compontion  of  many  zoophytes 
and  imperfectly  understood  organic  forms.  When  they  die, 
it  wholly  vanishes  in  water ;  and  when  even  a  large  mass  is 
suffered  to  dry,  scarcely  any  thing  remains  unevaporated.  I 
have  often  known  a  number  of  Planarise,  Polypi  of  Sertula- 
rise  and  Flustrse,  and  such  creatures,  when  they  happened  to 
die,  suddenly  vanish,  so  that,  after  the  course  of  a  night,  not  a 
trace  of  them  could  be  detected  in  the  vessel  of  water,  which 
the  day  before  was  enlivened  with  them.  That  the  constituent 
gelatinous  matter  in  these  cases,  as  well  as  in  the  brain,  is  con- 
nected with  the  highest  functions  of  organization^  is  also  very 
evident.  Ova  arc  very  generally  enclosed  in  it.  An  Oscillatoria 
rooted  in  it  may  almost  be  seen  growing.  The  vital  activity  of 
gelatinous  animalcules,  of  small  Beroes,  and  Medusas,  is  quite 
wonderful.     Nor  is  it  less  astonishing  that  the  large  medusa?, 

he  describes,  (Epis.  Physiol  Epid.  34.) ;  but  that  structure  was  evidently 
evolved  by  decomposition.  The  views  given  by  Sir  £.  Home  recommend 
themselves  by  their  unpretending  simplicity ;  nor  is  Mr  Bauer  a  micro- 
scropic  observer  inferior  to  I^eeuwenhoek. 
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ibiwif'wIwigpgyPMpibtiy  M.  raoit  loiqiuate,  ttio^gb  thejr 

Tlijf  hjiiliiniiiimrnf  oC^tlie'bniii.widiifiiiia^fthai^'tlie'cx- 
|MiiiiiB-'»t'  tiie>'g«trtmlie»oC itic  ftmrvei^  the  nntUr  wfaMsb 
MdMilfhtwal  krge  ftrtiiC  the  mott  liigUy  amaMtsd-wophjIesy 
Md^  JB«'l0i0einoeBCrated  atate^  tbe  biiiBOlm  cf  the  eyeaad 
flygin^  thiie  >  wjb^^aawfc,  and  others  that  might  beiineittioiiedy 
teemdl'tooMMBtroTlhe.ttniedeneots,  poMBttingidiffistnt 
itniutugw  aoedQRiiiig:  to  the  .particalv  case  considered.  That 
dan taaltarcpnidHtB  jJcKiat  whptty  cf-waterv  cannot  he  doubted. 
Whatylhe%ia  the  other  eknbent  whoeepmcooe  ir indieated  by 
die  gthtiiwHH^  cpogutepcy  of  the  mass  i  The  gdatiaoiia  ood- 
dition  intimates  that  the  foreign  ingredient  bithe  water  cannot 
eajfistdlii^^or  diatitts/:partiele8  are.  ansanged:m  fifanea  rather 
flwn  krnnleculeB.. .: . Now  spheroidal  or  mcforgaiuc  inoleculesy 
sUioa^and  i4nmiiHi,aresmuoh  more  diapoaed  to  fimn  hydratcd 
ibrarthan  to^erystaUtae  in  water.  But  diese  cannot  be  pre- 
serit  in  the  siibstanoe  oodsidered;  for  if.soyitfaey^  had  been  de- 
leotad  on  analysis.  Nitrogen  and  fixed  air  could  not  crystal* 
Eze,  .'andalso  form  fibres;  but  they  ccmld  not  be  retained  in 
water  in  such  quantities  as  to  cause  tbe  gelatinous  state,  ex- 
cept under  immense  compression,  in.  consequence  of  their  mu- 
tual repulsion  and  tendency  to  assume  the  aeriform  state. 
These  substances  excluded,  and  others  disregarded  to  which 
stronger  objections  appear,  it  follows  that  we  must  seek  for 
the  gelatinizing  agent  in  radiant  matter  itself;  and,  indeed, 
its  disposition  to  form  rays  or  fibres  seems  to  enable  it  to  give 
rise  to  the  tremulous  state  more  directly  than  any  other  sub- 
stance. Moreover,  all  the  positive  evidence  of  the  case  is 
fiavourable  to  this  suppontion,  and  there  is  not  even  a  con- 
jecture that  can  be  advanced  against  it.  It  could  not  be  de- 
tected by  the  chemist,  nor  its  presence  otherwise  discovered 
but  by  an  inconsiderable  loss  of  weight  during  the  analysis  of 
the  substance  operated  upon ;  and  tliis  accords  with  the  phe- 
nomena exhibited  during  its  distillation  from  the  plate  of 
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glass.  It  ought^  like  air,  to  be  expelled  bj  oongtlatioii  or 
deooBtipoation,  and  this  was  found  to  be  the  case.  It  onglit 
to  give  a  hyaline  chairaeter  or  extrtme  limpidityy  oambiMd 
with  a  low  lefraetiTe  power ;  and  this  is  cooefncuoosiiD  all  Aa 
substances  now  eonstdfred.  ft  ought  to  be  more immsdiatriy 
oonncieted  with  phosphwesceoee  than  sny. other  substance; 
and,  adDordingty,  ^e  'find  that  most  gtlatiiious  animals  are 
more  oriess  phospborssoent,  very  many  of  them  Iwing  visible 
even  to  our  eye,  which,  being  itself  in  a  great  measiwe  eom» 
posed  of  this  matter,  is  capable  of  displaying  a  variety  of  phe» 
nomena  which  are  phases  of  luminousness.  Every  circum- 
stanee  in  the  physical  characters  of  this  substance,  induces  the 
belief  that  it  connsts  of  water  penetrated  by  fibres  of  radiant 
matter.  Its  physiology  satisfies  the  mind  that  there  has  been 
no  misunderstanding  of  the  physical  evidence.  For  as  ra- 
diant matter  difiers  from  all  other  substances,  and  is  in  many 
respects  the  most  eminent,  it  is  very  reasonable  to  suppose 
that  it  should  be  found  connected  with  functions  quite  differ- 
ent from  all  others,  and  in  many  respects  the  most  eminent  of 
^1 ;  and  that  such  is  the  character  of  the  phenomena  of  nund 
with  which  it  is  known  to  be  most  immediately  connected,  no 
one  will  dispute.  But  as  this  is  a  matter  of  no  common  in- 
terest, let  us  bestow  a  little  more  pains  on  the  argument,  by 
investigating  the  circumstances  in  which  this  hyaline  matter 
is  produced  in  the  animal  system ;  for,  in  reference  to  the 
zoophydc  beings,  it  is  evident  that  radiant  matter  and  water 
are  of  all  substances  the  most  constantly  at  hand,  if  required, 
to  constitute  their  bodies. 

If  the  views  advanced  in  the  preceding  pages  respecting 
the  structure  of  vital  air  and  carbon  be  admitted,  it  mus 
also  be  granted  that  the  use  of  respiration  is,  to  charge  the 
blood  with  pure  radiant  matter  derived  from  the  vital  air  of 
the  atmosphere,  and  to  abstract  from  the  blood,  in  the  state 
of  carbon,  feculent  atomic  or  radiant  matter,  which  has  been 
altered  in  the  quantity  or  condition  of  its  subtile  matter,  by 
its  existence  in  the  animal  system.  This  process  is  of  all 
the  most  essential  to  animal  life,  and  that  on  which  every 
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otfier  fnotkn  is  dependent.  Tracbg  the  arteriilifled  blood 
tliiongh  the  lyitem,  we  obienre  that  it  takes  Iwooounei^ one 
flowing  over  the  nuun  of  the  body,  the  other  eeekingp  the  heed. 
The  quantity  of  blood  taking  the  tystemic  counie^  oompated 
with  that  taking  the  coune  of  tlie  eBttephakmp  if  between  5 
and  10  to  1 ;  while  the  quantity  of  matter  noniiahed  by  the 
ayileniic  bkwd,  oomp«^  with  that  spread  ont  the  pi*  ma- 
Isry  is  between  50  and  00  to  1.  Here^*  then^  is  a  moat  le- 
narkable  supply  of  Uood  sent  to  the  head-  Tracing  its 
dBstributkn'  there;  we  find  that  it  is  ramified  to  an  exoeasiTe 
degree  of  minuteness  upon  the  surftee»  and  among  the  plic» 
of  a  membrane  full  of  odls,  on  the  iaaet  aspect  of  wUdi 
eerebral  matter  is  found.  The  arteries,  dipping  among  this 
oetebnd  matter,  contain  fiorid  bkxML  The  eonoomitant  vans 
contain  blood  eminently  dark.  It  is  obvious  that  the  same 
change  goes  on  in  the  brain  as  in  the  lungs,  with  regard  to 
radiant  matter,  but  in  an  inverse  order;  that  is,  the  arteries 
give  out  radiant  matter  to  the  brain;  the  veins  withdraw 
Cseuknt  atoms.  This  function  must  fi)Uow  from  sympathy 
with  the  respiratory  action,  which  is,  as  it  were,  the  consecu- 
dve  polarity.  But  it  must  also  be  aided  by  the  triangular  form 
of  the  columns  of  blood  contained  in  the  sinus ;  for,  accord- 
ing to  the  principles  of  induction  or  imitation  advocated 
in  this  work,  nothing  could  be  more  effectual  in  disposing  to 
the  evolution  of  a  radiant  tissue  than  the  presence  of  trian- 
gular cdumns,  such  as  the  sinus  of  the  encephalon  are. 
The  analogy  of  the  apparatus  investing  the  brain  with  the 
lungs^  or  that  investing  the  air,  is  most  obvious.  Nay,  its 
structure  b  identically  the  same  as  that  of  the  respiratory  or- 
gan in  reptiles,  with  this  difFerence  only,  that  cerelnal  mat* 
ter,  not  air,  occupies  the  pulmonary  bags.  Nay,  more;  the 
respiratory  system  in  man  is  purely  a  repetition  of  the 
nervous  system,  and  that  to  a  great  degree  of  minuteness. 
It  is,  in  fact,  the  nervous  system  to  the  involuntary  or  nu- 
tritive department  of  the  body,  as  the  cerebral  system  is  to 
the  voluntary  or  muscular.    Both  are,  indexed,  united  into  one 


OF  THE  NERVOUS  SYSTEM.         505 

system,  and  are  thus  made  to  be  mutually  dependent.  But 
it  is  only  necessary  to  attend  to  the  structure  of  both  for  a 
little,  to  discover  that  they  are  repetiticxis  of  each  other. 

The  essential  part  of  both  the  respiratory  and  cerebral  i^ 
pamtus,  in  relation  to  which  the  investing  organs  are  formed^ 
is  a  eompound  of  which  radiant  matter  is  chiefly  concerned  in 
the  animal  functions.  At  the  summit  in  both  there  is  a  mass, 
giving  rise  to  a  column  which  is  ultimately  ramified  into  an 
infinite  number  of  branches,  each  terminating  in  an  enlaige- 
ment  of  the  same  matter.  The  aerial  and  cerebral  masses  at 
the  summits  of  both,  are  severally  invested  by  a  system  vt 
peculiar  cartilaginous  plates,  which,  in  the  latter,  ultimately 
contain  earthy  matter  in  their  cells.  The  aerial  and  cere^ 
bral  columns  are,  in  both  cases,  contained  in  cartilaginous 
vertebrated  canals ;  the  cartilages,  always  in  the  latter, 
and  in  the  most  truly  respiratory  animals  in  the  form^ 
also,  containing  earthy  particles.  The  matter,  in  the  ul« 
timate  ramifications,  in  both,  is  also  continuously  connected 
with  that  in  the  summit.  Every  thing  is  analogous.  It  would 
not  only  be  possible  to  shew,  with  much  detml,  how  exqui* 
sitely  the  larynx  and  its  muscles  (its  function  and  position 
being  kept  in  view)  correspond  in  structure  to  the  skull  and 
its  muscles ;  but  it  could  be  shewn  that,  by  studying  the  or* 
gans  in  this  way,  we  might  ascertain  the  true  nature  of  such 
an  organ  as  that  which  has  been  called  the  Thyroid  Gland. 

The  functions  of  the  two  systems,  the  respiratory  and  the 
cerebral,  are  also  quite  analogous.  Cut  through  the  aerial 
column,  and  the  vital  movements  of  the  heart  and  blood  are 
stopt.  The  nutritive  and  involuntary  system  is  paralyzed, 
just  as  the  voluntary  or  muscular  system  is  paralyzed  by  cut- 
ting through  the  cerebral  column.  Change  the  aerial  column, 
by  substituting  one,  such  as  nitrous  oxide,  which  contains  a 
greater  quantity  of  radiant  matter, — the  cerebral  system  is 
immediately  charged  with  radiant  matter,  so  that  the  indivi- 
dual is  intoxicated.  The  sympathy  between  the  larynx  and 
the  brain  is  indeed  wonderful,  as  every  one  must  have  re- 
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iiittlrkadi  who  baB  ia  any  degree*  attended  to  the  prtholqgy  of 
Ihe- Blind.  Were  it  necessary,  this  view  mighty  in- fact,  be 
aostaitied  by  a  best  of  mdsoce;  but  I  will  only  mentioii 
iMher,  that,  while  in  man,  and  the  more  perfect  animalis 
JwUdi  are -both  cogitative  and  instinctive,  die  resjnntoty  ays- 
tan  is « lepelition  of  the  oerebnil;  in  other  raosi,  both  are 
aaniiient  intoone.  This  is  the  case  with  inaeets. 
•*«  These  exquisite  little  creatures  indicate^  I^  all  their  liB»- 
imres^  that  they* are  'most  intimately  connected  with  the  ■!»• 
diant'medium.  Their  organiiation  is  most  admirable :  ihsir 
eeloars  are  most  brilliant:  their  vivaaty  is  extreme:  their 
instincts  are  most  wonderful:  yet  their  nervous  system  is  a 
veiy  simple  apparatus,  apparently  not  superior  to  that  of 
other  animals,  wliose  forms  and  vital  powers  are  in  every 
pomt  quite  inferior.  But  the  nervous  system  of  inaecta  is 
merely  a  conducting  tissue,  to  enable  the  different  parts  of 
their  bodies  to  move  with  that  symmetry  and  relationship  to 
eaefa  other  which  the  purposes  of  life  demand.  It  is.not  that 
sensorium  -to  which  they  owe  their  exquisite  forms,  their  viva- 
city, and  their  wonderful  instincts.  The  bodies  of  inseets  aie 
penetrated  symmetrically  by  an  innumerable  multitude  of  air- 
tubes,  which  are  gradually  attenuated  towards  their  extremi- 
Ues,  and  ultimately  become  invisible.  Before  this,  however, 
they  have  acquired  opacity,  a  metallic  lustre,  the  aspect  and 
function  of  nerves.  These  tubes  have  been  denominated 
Trachea?,  and  their  extreme  parts  are  found  to  be  construct- 
ed of  spiral  filaments,  like  the  air-vessels  of  plants.  It  has 
been  shewn,  when  treating  of  Carbon,  that  a  spiral  vessel 
may  be  so  small  as  to  transmit  only  radiant  matter.  There 
can  be  no  doubt  but  these  tracheas  of  insects,  towards  their 
extremities,  contain  only  radiant  matter,  air  finding  access  only 
into  those  regions  which  are  of  considerable  diameter.  Hence 
we  have  in  this  beautiful  arrangement  the  pulmonary  and 
cerebral  systems  united  into  one.  Nay,  such  are  the  organic 
functions  of  the  conical  tube,  that,  by  such  an  arrangement, 
the  same  action  is  fulfilled  as  if  there  had  been  a  muscular 
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refpinUkm.  For  it  is  impoiaible  that  a  lughly  fluid  body 
can  lemain  in  a  oooical  tube  without  circulating  during  Kfe. 
It  mutt  constantly  tend  to  move  from  the  r^on  whcro  it  is 
in  excess  to  that  where  it  is  deficient,  so  as  to  devdope  a 
symmetrical  odumn.  The  radiant  matter,  then,  baring  r&. 
roained  for  a  short  time  in  the  coloured  extremities  of  the 
trachesp,  will  tend  to  be  pushed  out  by  the  pressure  of  the 
column  in  the  region  of  greater  diameter,  and,  forming  itsdf 
into  carbon,  will  unite  with  the  surrounding  oxygen.  That 
this  reqaratory  system  performs  the  function  of  the  cefebral, 
is  proved  by  this,  that,  when  any  part  of  it  is  closed  up,  or 
cut  off,  the  surrounding  muscles  are  paralyzed,  in  the  same 
manner  as  if  nerves  had  been  destroyed.  These  admiraUe 
little  beings,  then,  are  wholly  sensorium,  the  perfection  of 
their  organisation  being  adequate  to  enable  them  to  gratify 
all  their  feelings.  We  cannot,  however,  suppose  them  to 
possess  any  power  of  cogitation,  a  process  which  seems  to  be 
conducted  in  the  brain  exclusively,  and  which  is  as  distinct 
from  feding,  as  the  fluttering  of  a  bee's  wings  are  from  the 
act  of  sipping  honey  from  the  nectary  of  a  flower.  But  of  this 
more  hereafter. 

It  remains,  now,  that  we  endeavour  to  detect  the  structure 
of  the  nerves.  Each  consists  of  a  greater  or  smaller  number 
of  filaments  lying  parallel  to  each  other.  Each  filament  in 
particular,  and  also  that  fascis  which  constitutes  the  nerve,  is, 
as  usual,  more  dense  on  its  external  aspect,  being  invested  with 
a  membrane,  as  is  the  case  with  the  filaments  of  the  blood, 
chyle,  musdes,  the  whole  body ;  in  a  word,  with  every  mass 
which  is  organized  in  a  natural  manner.  Accompanying  the 
nervous  filaments,  is  abundance  of  blood,  and  of  cdlular  sub* 
stance.  The  constitution  of  the  nervous  filaments  is  evident* 
ly  very  different  from  that  of  any  other  filamentary  sub- 
stance in  the  animal  system.  They  are  not  senubly  conical ; 
but,  on  the  other  hand,  each  seems  to  possess  the  same  dia- 
meter at  its  origin,  and  at  its  extremity.     Hence  the  regular 
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circulation  of  a  fluid  in  them  is  almost  impossible ;  for  they  are 
symmetrical  already,  and,  in  as  far  as  tbey  are  concerned, 
there  is  nothing  to  determine  a  current  one  way  more  than  an- 
other.  They  resemble  the  vessels  of  plants  in  their  cylindri- 
cal character;  and  it  is  well  known  that,  in  these  vessris,  no 
fluid  circulates,  but  that  the  sap  pursues  the  course  of  the 
intercellular  canals,  which  are  quite  deficient  in  symmetry, 
and  therefore  well  fitted  for  entertfuning  currents  one  way  or 
another.  The  nervous  filaments  are  exceedingly  minute. 
In  a  transverse  section  of  a  nervule,  **  qui  pilo  menti  virilis 
crassitudine  cedebat,^  Leeuwenhoek  counted  sixteen ;  and  in 
another,  about  three  times  that  diameter,  he  judged  that 
there  might  be  no  fewer  than  1000  *.  The  grossness  of  a 
nerve,  then,  depends  on  the  number  of  nervous  filaments, 
the  quantity  of  blood  and  of  cellular  matter  included  within  the 
skin  or  neurilcma,  and  not  upon  a  change  in  the  diameter  of 
the  individual  filaments.  From  one  extremity  to  the  other, 
from  its  tip  till  it  is  lost  as  a  tractus  in  the  brain,  a  nervous 
filament,  provided  it  do  not  pass  through  a  ganglion,  appears 
to  be  a  continuous  cylinder,  having  the  same  character 
throughout.  Ganglions  seem  to  be  justly  regarded  as  regions 
for  establishing  sympathy,  into  which  a  number  of  nervous 
filaments,  entering,  while  they  still  retain  their  own  continui- 
ty with  the  sensoriuro,  become  capable,  at  the  same  time,  of 
inducing  a  common  state  upon  each  other,  and  thus  of  en- 
abling the  parts  to  which  they  are  distributed,  to  act  in  con- 
cert *. 

But  though  there  is  every  reason  to  believe  that  no  fluid 
circulates  along  the  axis  of  the  nervous  filaments,  there  can 
be  no  doubt  but  their  substance  is  more  rare  in  the  centre 
than  towards  the  circumference.  This  is  asserted,  not  on  the 
ground  of  observation,  but  of  the  nature  of  things.  For 
though  there  are  few  observers  more  generally  worthy  of  re- 
gard than  Leeuwenhoek,  who  found  the  nerves  to  be  hollow, 

•  Epis.  Physiol.  E]»is.  36'. 
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yet  it  is  evident  that  the  hollows  which  he  saw  were  the  reu 
suit  of  exposure  and  decomposition.  They  were  large  enough, 
he  informs  us,  to  suffer  animalcules  in  the  water  to  psM 
readily  through  them.     Doubtless  these  animalcules  derhred 
the  matter  of  their  bodies  from  the  very  regions  which  weve 
then  seen  to  be  without  matter.  Though  such  hollows,  there- 
fore, were  seen,  it   would   be  very  far  from   the  truth  to 
conclude  that  they  exist   in  nenrous  filaments  during  life. 
That  the  substance  of  these  filaments,  along  the  axis,  is, 
however,  more  attenuated  than  on  the  drcumference,  these 
microscopic  observations,  and  the  whole  analogy  of  oi^^anic 
structures, — nay,  even  the  atomic  structures  of  the  most  per- 
fect mineral  bodies, — warrant  us  in  concluding.  Thus  we  have 
seen  that  the  particles  ol  iron,  calcium,  silicon,  potassium, 
alumina,  are  hollow, — so  also  are  the  cylinders  of  the  vege- 
table structure,  the  seed-vessels,  the  vans,  arteries,  and  fila- 
mentary bodies  of  the  animal  system;  hairs,  quills,  bones, 
and  other  parts,  in  which  no  fluid  circulates,  are  ako  more 
rare  towards  the  axis  than  the  peripheral  aspect.    In  a  word, 
it  is  a  law  of  motorial  action,  that  similar  molecules  shall  repel 
each  other ;  thus  an  axis  becomes  a  line  of  centres  of  repuU 
sion.     There  can  be  no  doubt,  then,  that  the  axis  of  a  ner. 
vous  filament  consists  of  matter  in  a  more  rare  state  than  that 
constituting  the  walls.     It  may,  indeed,  be  said,  that  this  has 
been  observed ;  but  observation,  in  such  cases,  can  never  be 
made,  till  the  object  to  be  examined  has  been  destroyed  by 
knives,  and  rude  applications, — which,  in  relation  to  the  axis 
of  a  nervous  filament,  must  be  as  gross  and  unfit  for  dissect- 
ing  it,  OS  the  tusks  and  trunk  of  an  elephant  would  be  for 
dissecting  a  straw. 

All  the  circumstances  of  the  case  induce  the  belief  that  a 
nervous  filament  possesses  such  a  structure  as  the  fcdlowing — 
that  on  the  outside  there  is  a  membrane  or  sheath,  on  the 
inner  walls  of  which  are  layers  of  globular  molecules,  with  la- 
mina; of  water  forming  septa  at  regular  intervals,  each  of  these 
laminse  containing  a  senate  molecule  as  its  centre ;  and  that 
the  axis  consists  of  a  single  ray  of  radiant  matter  extending 
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continuously  through  the  opening  in  the  senate  molecules  of 
water,  from  the  tip  to  the  sensorium  or  summit  of  the  fila- 
mmit.     The  nerves  are  evidently  parts  of  the  same  individual 
oi^ganieation  as  the  brain,  and  must  be  composed  of  the  same 
elements,  viz«  globular  molecules,  water,  and  radiant  mattec 
The  only  question  is,  as  to  the  details  of  their  arrangement, 
and  our  only  guides  in  this  case  must  be  a  knowledge  of  their 
function,  and  of  the  structure  of  analogous  organizations. 
With  regard  to  the  skin  and  globules  on  its  inner  walls,  it 
may  be  said  that  these  features  are  demonstrated.     The  only 
peculiarity  in  the  structure  now  conjectured  which  requires 
proof,  is  the  supposition  of  perforated  septa  at  regular  inter- 
vals along  the  course  of  the  filament     That  such  is  the  case, 
is  assumed  from  the  fact,  that  all  analc^us  structures  in 
which  there  is  not  a  rapid  current,  exhibit  this  mechanism.  It 
is  a  structure  in  fact  resulting,  as  will  be  afterwards  shewn, 
from  the  laws  of  polarized  action.     It  is  observed  in  the  fila- 
ments of  venous  blood  and  lymph,  the  fibres  of  the  crystalline 
lens,  the  muscular  fibre,  the  vertebral  canal,  the  trachea,  the 
sphincter  muscles  of  the  arteries,  in  all  true  zoophytic  fibrils, 
and  in  all  annulose  animals.    In  the  vegetable  kingdom  it  ap- 
pears every  where,  from  the  nioniliform  fungi  and  confervoi- 
deae  to  the  most  perfect  dicotyledones,  so  long  as  there  is  a 
single  axis  surmounted  by  a  single  organ. 

Most  perfect  representations  of  this  structure,  on  a  large 
scale,  are  also  seen  in  those  organic  remains,  of  a  cylindrical  or 
conical  form,  which  arc  met  with  so  abundantly  among  the 
more  ancient  strata,  and  consist  of  a  series  of  annuli  perforated 
in  the  centre,  and  united  into  a  column ;  to  which  we  may 
add  the  chambered  univalves  of  modern  seas.  According  to 
this  view  of  the  structure  of  nerves,  it  follows  that  the  cut- 
ting of  a  nerve,  however  carefully  its  cut  parts  be  applied  to 
each  other  afterwards,  must  completely  destroy  its  functions, 
and  I  do  not  know  any  phenomenon  connected  with  the  ner- 
vous  apparatus  of  which  it  does  not  give  a  happy  solution. 

If  this  mechanism  be  granted  to  the  nervous  filament,  or  even 
that  part  only  which  assumes  the  existence  of  a  single  ray  of 
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radiant  matter  as  the  axis,  it  follows  that  two  nenroui  61». 
ments,  if  naturally  in  consecutive  states  of  polarity  (aspandU 
lines  are  always  presumed  to  be),  must  execute  functioDs  die 
reciprocab  of  each  other;  and  four  parallel  filaments  must  in* 
dude  a  perfect  ray  of  light,  and  constitute  a  nervule  of  the 
most  perfect  kind  capable  of  a  double  function,  the  two  parts 
of  which  are  the  reciprocals  of  each  other.  We  have  already 
found  that  every  nervous  filament  extends  between  two  oene- 
bral  masses,  the  brain  and  the  hyaline  expansion  of  cerebral 
matter  diffused  over  the  organ  to  which  the  nervous  filament 
is  distributed.  If  any  one  feels  disposed  to  deny  the  exisU 
ence  of  the  latter,  it  comes  to  the  same  thing  if  he  substitute 
the  organ  itself  for  the  gelatinous  hyaline  matter  diffused  <iver 
it  Now  it  is  very  evident,  that  the  most  perfect  nervules  do 
perform  two  functions  which  are  the  reciprocals  of  eadi  other 
-—one,  by  an  action  in  the  nerve  propagated  towards  the  brain, 
announces  to  the  mind  the  physical  condition  of  the  hyaline 
matter  at  the  nervule^s  tip,  which  is  an  index  of  the  state  of 
the  surrounding  matter — the  otht^r,  by  an  action  in  the  nerve 
propagated  from  the  brun,  announces  the  mind'^s  disposition 
to  continue  the  extreme  organs  in  their  present  portions,  or 
to  withdraw  them,  according  as  the  state  of  sensibility  previ- 
ously announced,  indicated  that  the  organ  was  in  a  state  of 
safety  or  not.  It  is  evident,  however,  that  a  process  of  cogi* 
tation  is  not  necessary  to  a  removal  of  the  organ  to  a  position 
of  safety,  nor  even  a  brain.  For  any  violent  action  propa- 
gated along  the  one  set  of  nervous  filaments  in  one  direction, 
must  spontaneously  induce  a  state  of  reciprocal  action  upon 
those  which  run  parallel  with  them  ;  that  is,  any  acute  pain 
felt  or  injury  done  to  an  organ  must  instantly,  and  indepen- 
dently of  volition,  give  rise  to  muscular  contraction. 

For  the  accomplishment  of  this  double  function,  however, 
in  the  most  perfect  manner,  it  is  necessary  that  some  mecha- 
nism shall  be  instituted  by  which  the  nervous  filaments  run- 
ning parallel  to  each  other  shall  be  sustmned  in  consecutive 
states.  Let  us  see,  then,  whether  there  be  any  such  mecha- 
nism  displayed  in  the  organization  of  such  nerves  as  arc 
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known  to  poesett  most  perfectly  the  dotdile 
to*ieniation  and  mtidon.    It  is  wdl  known  tfaftt*^«»^ittMI»'iB 
thb  matter,  direct  our  eye  to  the  spinal  nervcsv'ltod  kiw^w 
leiB  obnoiu  that  they  display  the  very  mechanism  whidi  we 
have  anticipated.    Each  ci  these  nerves  is  composed  of  two 
groups  of  fihunents,  having  their  cNripns  from  diflerent  crura 
ct  the  i^nal  column ;  and  that  these' crura  ate  moone^Mftve 
states,  appears  from  every  phenomenon  wfaidb  thcy^  Wtfitf. 
Nay,  the  very  form  of  the  roots,  and  the  nuuuier  hi  wldd' 
thqr  spring  out  of  the  column  ccnnpared  with  thdr  'pilrtnttfal' 
on  the  other  side,  demonstrate  that  the  nervous  filamelita'A^ 
rived  from  the  posterior  crura  are  positive  in  relation  to  llmie' 
derived  from  the  anterior  crura.    But  the  existence  of  audi  k: 
state  of  things  docs  not  derive  its  evidence  from  this  source 
alone :  the  introduction  of  the  nerves  of  the  respiratory  tjtUai 
to  establish  a  neutral  plane,  and  the  whole  form  and  featuttt  dt 
the  cerebellum  compared  with  the  cerebrum,  indicate  the  aanier 
This  I  propose  to  illustrate  afterwards ;  meantime,  enpughiii^ 
I|een  said  to  place  it  beyond  controversy  (provided  the  geAcni 
principles  of  this  work  be  admitted),  that  the  subsdmoe^to 
which  the  respiratory  and  nervous  systems  owe  thrir  pecuinur 
characters,  is  radiant  matter.     That  it  is  in  all  its  features 
more  fit  than  any  other  for  being  chosen  as  a  sensorium  is 
very  obvious ;  but  it  has  been  shewn,  that  to  suppose  radiant 
atoms  possessed  of  a  mind  as  one  of  their  physical  qualities 
as  matter,  involves  many  grotesque  and  absurd  notions,  in  ad- 
dition  to  which  it  may  be  remarked,  that   metaphysicians 
speak  of  being  able  to  prove  the  impossibility  of  mind  having 
its  origin  out  of  that  which  consists  of  parts.    And,  certainly, 
without  pretending  to  have  confidence  in  a  demonstration, 
whole  axioms  depend  on  the  nature  of  something  of  which  they 
pretend  to  be  perfectly  ignorant,  and,  under  that  warrant,  at 
liberty  to  deny  all  assertions  whatever  respecting  it, — without 
pretending  to  feel  the  force  of  such  a  demonstration,  it  may  be 
asserted,  that  it  is  very  incredible  how  mental  identity  could  be 
maintained  while  the  matter  of  our  sensorium  is  changing  as  fast 
as  the  air  in  our  lungs,  unless  the  mind  be  some  permanent  es- 
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aenoe  reposing  ia  that  senaoriuni  brought  into  action  by  its 
constant  changes,  and  communicating  through  it  with  the 
material  world. 

OF  MIND. 

All  that  has  been  said,  then,  in  the  pages  immediatdy  pre^- 
oedingy  respecting  the  structure  of  the  nervous  system,  while 
it  goes  to  shew  that  it  is  an  i^paratus  better  fitted  than  any 
other  that  we  can  conceive,  for  being  the  medium  by  whidi 
mind  shall  be  united  with  a  material  world,  goes  also  to  in- 
crease the  improbability  that  that  sensorium  is  really  the 
mind,  and  its  movements  the  mind^s  actions.  We  have  seen 
the  strongest  reauon  to  suspect  that  mind  is  a  third  esMoaoe 
whose  action  is  to  feel  and  to  cogitate,  and  which,  through 
the  medium  of  radiant  matter,  has  power  to  give  motions  to 
gross  bodies  quite  contrary  to  their  natural  motions,  and  such 
as  are  expressive  of  feeling  or  cogitation.  *  But  let  us^  then, 
jnosecute  our  inquiry  yet  a  little  further. 

Every  man  must  admit  that  the  existence  of  a  feeling  and 
cogitative  essence,  is  just  as  possible  as  the  existence  of  any 
other  sort  of  essence  or  thing  whatever. 

But  by  what  sort  of  evidence  are  we  to  obtain  knowledge 
whether  such  an  essence  really  exist  or  not  ?  Belief  in  the 
existence  of  things  is  something  of  which  we  can  say  nothing 
more,  than  that  it  is  a  peculiar  state  of  feeling  awoke  by  sen- 
sations or  certain  perceptions,  that  arc  named  truths.  Every 
perception  has  a  state  of  feeling  proper  to  it,  and  when  a  per- 
ception awakes  that  feeling,  wherein  belief  in  the  existence  of 
the  thing  perceived  consists,  its  reality  is  impressed  upon  the 
mind,  and  we  can  say  no  more  about  the  matter.  These  be- 
liefs may  be  awoke  in  various  ways,  and  they  possess  various 
degrees  of  force.  Thus,  those  feelings  which  are  consequent 
upon  the  action  of  our  senses,  involve  belief  in  the  exist- 
ence of  things  external  to  the  mind.  To  controvert  these 
constitutional  testimonies,  and  affirm  that  they  are  not  worthy 
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and  *11  other  belwri,  fa^  the  aid  of  tiioA  dH  ;iirowaw  wtxm^ 
soning,  and  the  evolution  of  knowledge,  are  conducted,  arc 
just  so  many  other  instinctive  feelings  arising  intuitively  in 
other  given  circumstances.  The  intuitive  belief,  however, 
consequent  upon  sensation,  though  very  strong,  yet  is  not  the 
most  forcible  imprcsaiou  of  truth  [hot  can  be  urgtxl  upon 
the  tnind.  The  belief  in  the  existence  of  feeling  and  cugita- 
tkm  is  yet  stronger,  and  so  is  also  the  belief  of  an  ageot, 
of  vhich  these  are  the  actions.  The  mistakes  and  imperfec- 
tions of  our  senses,  the  manifest  misrepresentations  which 
they  give  of  the  movements  of  the  heavenly  bodies,  and 
during  dreams,  make  our  minds  familiar  wilh  such  anxieties 
as,  Do  I  really  see;  do  1  really  hear?  By  these  weaknesses, 
Mr  rewtba  doubtles§  !■  >tiiinilBled  toiioqanei  >lnib«lciAM» 
mI  cenfidence  is  the  tutimony  of 'onr  ■orgaiM  of  now  i>  anriv 
rated,  the  developmeA  of  our  beBibboBgdalrojHdAyiMH^ 
lieni  peraeptHHih  With  regard  t*  tfae  odMence  of  ftc^qgJiBi 
iK^tatioa,  hovever,  there  ianojdacewbatevwfertknA^T'a* 
loom  for  reaBon.  Tlie  belief  demands  nocdlatenlaraunMUi. 
ces  for  its  evolution ;  a  preceding  slate  of  the  mind  is  tmough ; 
no  high  faculties  are  required;  itisthememoryoftbemacixntt 
DOthing  cornea  between  it  and  the  object  of  regard.  Ouc  be- 
liefs vary  in  intensity  through  a  multitude  of  shades ;  but  the 
most  vivid,  that  which  is  most  secure  from  tbe  paralyzing  in- 
fluenoe  of  sof^istry,  that  which  is  most  truly  the  property.cf 
the  mind,  and  of  which  we  cannot  conceive  it  to  be  divested 
in  any  circumstances  of  existence  whatever,  is  the  bdief  inks 
own  c(^tatioD.  The  next  is,  that  a  collating  agent  exiM. 
But,  between  these  two  facts,  there  is  tfae  relati(»ahip  vUeb 
constitutes  a  process  of  reasoning.  Both  are  indeed  believad 
intuiuvdy ;  but  this  is  the  case  with  every  diing  that,  is  b^ 
lieved,  and  a  process  of  reasoning  is  merely  the  evolutioQ  of 
>ome  intuitive  perception,  such  as  "  that  cogitation  exiats.* 
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Upon  the  testimony  of  the  neaam  it  has  bee«  unifbradj;  Mr 
suDied,  in  the  precedii^  parts  of  this  work,  that  an  ;eEietliil 
atcnoic; uni verse  exists,  which  seems  to  me  to  be. a  t]nith4tt 
veiy  •atrongiy  impressed  upon  the  mindy  tbat^ii  v.diffilxilktli 
undentand  what  ttiose  men  mean,  who  differ  in  opinioi^laa 
to^this  ^natter  from  the  common  sense  of  mankind.  But  is 
not  the  cMiIy  difference  between  them  and  the  vulgar;  *iill 
their  conceptions  as  to  the  mode  of  the  world^s  existenaal 
Theyt  do  not  think  that  there  is  less  in  the  world  than  tbt 
ocfaeri;  but  they  have  some  transcendental  conceptions  as  tH 
the  mode  of  the  existence  of  things,  which  is  certainly  capldile 
of' being  made  very  ridiculous,  by  those  who  find  themselvw 
competent  to  confute  their  own  misconceptions  of  the  opinioaa 
alluded  ta  Certainly,  however,  there  is  no  reason  assignid 
by  philosophy,  for  altering  the  j^uvaeology  suggested  by  a 
common-sense  view  of  external  existence,  and  I  feel  very  eon- 
fident,  and  believe  that  my  readers  do  so  too,  that  an  extetnal 
material  world  exists  in  space ;  and  that,  if  as  good  evidenee 
caii.be  brought  forward  for  the  existence  of  mind  as  an  «»» 
senoe,  dbtinct  both  from  atonuc  and  subtile  matter,  no  one 
will  demand  more  cogent  proof. 

The  apparatus  by  which  the  mind  acquires  a  knowledge  of 
the  substantiality  of  the  world  is  our  senses,  which,  being 
made  of  the  same  materials  as  the  world,  are  capable  of  being 
acted  upon  by  it,  and  the  mind  within  persuaded,  that  the 
body  investing  it  is  not  all  that  exists  of  body  in  the  universe. 
From  the  whole  tenor  of  the  preceding  work,  it  appears,  that 
substances,  to  act  upon  each  other,  roust  be  more  or  less  aimi* 
lar  in  kind  or  quality.  There  is  an  universal  reaction  upcD 
contact  between  all  atomic  matter,  because  all  atoms  are  simi* 
lar.  When  a  gross  body  is  struck  or  touched  by  another, 
they  react  upon  each  other.  When  our  hand,  which  is  a  gross 
body,  is  brought  in  contact  with  another  gross  body,  such  as 
a  table,  there  is  a  reaction  between  them.  The  hand  cannot 
be  moved,  as  if  there  were  no  table  in  the  way ;  hence  we 
say,  that  a  solid  impenetrable  body  exists  in  the  way  whither 
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we  move  our  hand.  We  owe  our  knowledge  of  the  existence 
of  the  table  to  the  fact,  that  our  apparatus  of  touch  is  ccnii* 
posed  of  the  same  sort  of  essence  with  the  table.  We  find 
that  the  substance  of  which  it  conasts  is  impenetrable,  it 
being  a  law  of  the  constitution  of  matter,  that  two  atoms  shall 
not  occupy  one  and  the  same  place ;  andlhat  a  cohering  body 
cannot  be  moved  without  the  application  of  force.  But,  in 
discovering  that  a  table  is  solid  or  impenetrable  to  the  hand, 
we  do  not,  in  pcnnt  of  fact,  discover  that  tliere  is  more  of  ex- 
istence or  substantiality  in  it,  than  in  the  effluvia  of  a  magnet, 
or  in  any  other  agent  whatever.  We  only  ascertain  that  it 
exists,— a  discovery  which  we  owe  to  the  law  of  nature,  thai 
atoms  cannot  penetrate  each  other,  so  as  to  occupy  the  same 
place.  To  illustrate  this,  let  us  suppose  the  case  changed 
(the  sense  of  touch  still  being  our  guide),  and  that  our  hands 
were  made  of  steel  very  strongly  charged  with  magnetic  po- 
larity, and  that  two  tables  were  in  the  way,  whither  our 
hands  might  be  moved,  one  of  them  composed  of  magnetized 
steel,  of  similar  polarity  with  our  hands,  the  other  a  common 
table,  the  gross  dimensions  of  both  being  the  same ;  our  mag- 
netic fingers  should  now  meet  with  a  much  greater  breadth 
of  resisting  substance  in  the  one  table  than  the  other,  though 
the  length,  breadth,  and  thickness  of  the  atomic  parts  of  both 
are  the  same.  There  is  now,  over  the  surface  of  the  steel 
table,  a  thick  covering,  of  a  hard  elastic  substance,  for  whose 
existence  and  substantiality  we  should  have  the  very  same 
evidence,  if  our  organs  of  touch  happened  to  be  magnetic 
steel,  as  we  have  with  our  present  fingers  for  the  existence  of 
those  bodies  commonly  called  hard  and  resisting.  If,  again, 
our  organs  of  touch  happened  to  be  made  of  the  subtile  mat- 
ter  of  magnetism,  we  could  learn  nothing  as  to  the  solidity  of 
the  table,  but,  on  the  other  hand,  would  confidently  affirm, 
that,  if  a  table  was  any  thing  at  all,  it  was  some  sort  of  subtile 
vapour  opposing  no  sensible  resistance,  and  capable  of  being 
passed  through,  as  if  it  did  not  exist. 

Without  meaning,  then,  to  underrate  the  testimony  of  the 
senses,  it  was  necessary  to  say  this  much,  to  shew,  that  the  sub- 
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stantial  existence  of  mind,  though  such  were,  could  not  poariUy 
be  learned  by  the  evidence  of  the  senses,  unless  mind  were  mat- 
ter. If  mind  be  an  essence  distinct  from  that  of  which  our  ner- 
vous system  consists,  it  can  neither  be  seen,  heard,  touched^ 
tasted,  nor  smelled ;  and,  if  we  are  to  believe  only  in  the  sub- 
stantial existence  of  such  things  as  are  borne  out  by  sensible 
evidence,  we  necessarily  exclude  oursdves  from  the  belief  of 
mind  as  an  essence  distinct  from  matter.  But  the  whole  ana- 
logy of  nature  forbids  us  to  circumscribe  our  belief  in  sub- 
stantial things  within  the  range  of  our  senses.  An  ascaris 
has  sensible  evidence  of  the  existence  of  nothing  but  that 
wUch  it  touches;  an  earth-worm  of  the  existence  of  that 
only  which  it  touches  or  smells ;  a  mole  of  the  existence  of 
that  which  it  touches,  smells,  or  hears ;  a  monkey  of  the 
existence  of  that  which  it  touches,  smells,  hears,  or  sees.  Be- 
cause man  happens  to  be  liker  a  monkey  than  a  mole^  is  he 
to  believe  that  nothing  exists  of  which  he  does  not  obtain  sal- 
nble  evidence?  Because  his  fingers  are  made  of  flesh  and 
blood,  and  not  of  magnetized  steel,  is  he  to  affirm  that  the 
gross  matter  of  a  table  is  more  truly  a  substantial  thing  than 
the  effluvia  of  a  magnet  ?  It  is  only  because  our  organs  of 
sense  are  more  similar  to  a  table  than  to  the  magnetic  fluid, 
that  we  think  the  former  a  more  solid  and  substantial  thing 
than  the  latter.  To  say,  then,  that  mind  cannot  have  a  sub- 
stantial existence,  because  it  does  not  act  upon  our  organs  of 
sense,  is  merely  to  say  that  mind  is  not  matter ;  and  this  is 
so  far  well,  provided  that,  by  matter,  we  mean  that  atomic 
and  subtile  body  of  which  the  sensible  universe  consists. 
But  the  notions  respecting  the  nature  of  mind,  as  contrasted 
with  matter,  which  are  so  generally  current,  and  which  are 
connected  with  misconceptions  as  to  the  nature  of  sensible 
things,  are  productive  of  much  error.  In  fact,  he  who  asserts 
the  immateriality  of  mind,  is  commonly  not  contented  with 
negative  characters,  till  he  has  positively  described  the  mind 
of  a  man  as  an  infinitely  minute  purum  nihilf  owing  its  inde- 
structibility to  its  substantial  nonentity.   Thus  the  spintualist 
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cites  the  way  for  the  materialist,  pradoch^  hnpiwiwins  in 
.tkRkliff»qmte'€oiitrary  to  hb^utenl^^  ''RTtMe^kr^he 
Jvgoltenj  howinrer^i  thi^  iir  mitsUgatiug  tfaisiMlier  pldklri». 
JiUcaUy,  we  niu^t  faanish  firtnr  ew  oinds*'  sDob^ndtkiii^'as 
4hat ttdoar and haidiitflB  are*akiiie  mdicariebs of  SMtiirfiiltisI 
•iriiteaoe.  i A  nuiid^' though  kmay  fm  pojaed  thMogb  tqmAr 
ixMhs^twithottt  oorainoaing  theiieimt  rentaaoi^  dV'ntff  lilltf 
l—iiiwi  thn  ftirmiiitrrTif  the  globe  widRibtinBetnig.^Mdi^w(f9 
ihqr'yet  be  as  seal  a  sobsumbe,  and^  ftr-aiiy'tlnigr  tfa«r*wt 
jiaa  tell,  aaay  be^  to  soaie  other  lubstaiieesiias  haf4«iii  iiitpi> 
AJsttaUd  as  oar  .bodies  and  tiie  earrti  areto  codh  odMr.  *!«*  ^f^  ' 
i^iUBvtt  howv^itimay  be  asked, 'ai«  we/fo- the  rirculiistaiifces 
of  dnsiilfe,  to  obtain  evidsnoe  of  the  existettoe  of  nttndi'tfe'tBi 
eHenoe  distinct  from  matter  ?  Its  existence  is  indiqiatdHy 
frbved' where  its  action  is  disoovered;  provided  matter  db^  not 
exist  at  the  same  time.  If  this  be  done,  we obtito  all  the«ti- 
denor  which  it  is  possible  to  procure,  of  the  existence  of  any 
tiling  whatever.  Body  is  known  to  us  only  so  far  as  its  ao- 
tkm  is'known,  and  what  we  call  the  qualities  of  bodies,  are 
merely  their  modes  of  action  in  relation  to  our  organs  of 
Senie.  If  the  existence  of  cogitation  and  feeling  be 'proved, 
where  no  matter  exists  simultaneously,  the  coexistence  of  a 
substantial  cogitating  agent  is  as  clearly  proved,  and  by  evi- 
dence of  exactly  the  same  kind,  as  when  we  prove  the  existence 
xif  matter  by  laying  our  hand  upon  the  table.  The  action 
displayed  by  the  one  is  cogitation,  by  the  other  it  is  resist- 
ance ;  why  the  latter  should  be  considered  as  more  truly  the 
characteristic  of  a  substance  than  the  former,  there  is  no  rea- 
son better  than  our  ignorance,  and  the  partiality  of  our  views  of 
the  nature  of  things.  It  would  be  very  absurd  to  afBrm  that, 
perhaps,  the  substance  of  mind  is  as  dense  and  solid  as  gold  ; 
but  it  would  be  very  untrue  to  affirm,  that  there  might  not 
be  as  much  of  substance  in  mind  as  in  gold. 

Those  who  have  accustomed  themselves  to  reflection,  will 
perhaps  think  it  needless  for  me  to  insist  so  much  upon  so 
certain  a  truth.     But  habits  of  reflection  on  such  matters  are. 
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in  our  day,  commonly  stigmatized  as  fit  only  for  the  achoc^ 
of  ihe  dark  ages;  and  many  phytiologiBtB  content  themarires 
with  bcGeving  that  mipd, cannot  be  stdbstanoe}  because  really 
itmutt  needs  be  so  very  rare  and  attenuated^  that  it  could  "be 
nsdung  atall.  The  remarks  whidi  have  been  made^«  render 
W  evident  that  it  is^absunl  to  oonjectum  as  to  the  oonsistaBee 
oCmind  oeosparsd  withdiat  of  matter,  supposing  thatnifaid 
enslB.  But  it  also  fellows,  that  die  substance  of  which  mind 
consists  is  «iot  altogether  different  from  Ught,  for  it  can  act 
upon  li^t,  though  it.  appears  upon  light  only,  and  through 
the  medium  of 'the  light  under  its  influence  can  give  action  to 
atomic  matter.  If  we  do  not  admit  this,  we  must  admit 
Leibnitt^  theory  of  pre-established  harmony,  which  is  very 
unfit  for  those  who  are  parmmonious  of  faith,  as  those  ge- 
nerally are  who  are  inquisitive  about  such  matters  as  aie 
bete  discussed.  The  substance  of  mind,  however,  appears  to 
be  more  dissimilar  to  that  of  light,  than  light  is  to  gross  mat* 
teTj  for  both  may  be  coexistent  in  the  same  place,  and  yet  one 
of  ihem  may  be  in  a  state  of  action  without  necessarily  excit- 
ing the  other ;  while,  on  the  other  hand,  so  close  is  the  re- 
lationship between  light  and  gross  matter,  that  the  action  of 
the  one  alwajrs  involves  the  other  in  a  corresponding  action 
too.  In  presuming,  then,  that  mind  may  be  a  third  essence, 
we  are  to  guard  against  supposing  that  the  relati<»Dship  of  the 
three  things.  Mind,  Light,  and  Atomic  Matter,  is  a  conti- 
nual proportion. 

But  it  is  to  a  certain  relationship  of  mind  to  matter, 
that  we  owe  our  evidence  of  its  existence ;  for  mind,  in  our 
present  organic  circumstances,  by  impressions  of  its  action 
b^ng  stamped  upon  sensible  bodies,  is,  in  this  way,  brought 
within  the  range  of  our  discovery.  When  we  find  matter 
thus  impressed,  an  irresistible  belief  is  awoke  by  the  percep- 
tion of  the  impression,  that  mind  existed  anteriorly  to  that 
impressed  state  of  the  body  considered.  When  we  see  such 
things  as  astronomical  and  musical  instruments,  automatons, 
ships,  and,  sometimes  at  least,  books,  we  are  quite  certain 
that  cogitation  existed  prior  to  them,  and  consequently  mind ; 
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•khoughy al the  atmetiiiie,  iiodiiiig  intfMie  al9Mt»cf  «ty 
jpfVMPiM  that  mind  is  diflbreot  fimD  abnnBy  or  any  <illiar<  piil 
of  a  man^s  body.  The  dengn  di^dayed  is  Midi  piaoea  «f 
nwrhanimfn  is  the  most  satisfiMtofy^  and  the  bskt  poarihlojofi- 
denoeof  the  prior  eiisteiieeof  mind;  &r  Umq^  wa  mbU 
copcei^e  a  fH^h*  oombinatioD  of  aloauy  iMMwut'lke  ^Mpocttof 
a  deiign,  to  be  now  and  then  pradooed  nrtnadeatty  fay  the 
aoddental  movements  of  the  mobile  paita-  of  ^  an  etenaiHy 
dianging  uniTene  of  matter,  we  can  positively  deny  timtaBdi 
things  as  those  whidi  have  been  mentfansd  coidd  eivar  be  pnv 
dnced  by  sUch  an  accident,  because  we  knosr  CoroertBiiifthBtt 
flmn  thetimeof  thororigmtothat^  their  deoqr*  Iheffa^aie 
natural  foitxs  constantly  operadng  to  prevent  dieir  <»«rt«nep. 
The  forms  and  structures  of  these  instruments,  and  the  frnos 
and  structures  of  aU  bodies  demanded  by  the  nature  of  tUngpb 
are  in  opposition  to  each  other.  Call  the  nature  of  thin^aeoi- 
dcnt,  or  what  we  will,  it  has  been  deariy  proved  that  thoveaie 
oertain  modes  in  which  matter  naturally  moves,  and  not  certain 
other  modes;  and  when  we  find  struccures  constituted  by 'move- 
ments opposed  to  the  former,  we  are  sure  that  somethii^  else 
than  the  course  of  nature  has  made  them ;  and  if  they  diapby 
design,  that  which  made  them  we  must  call  a  cogitative  agent, 
whatever  else  we  please  to  predicate  regarding  it.  Moreover, 
by  studying  these  objects  in  detml,  we  are  able  to  discover 
more  or  less  of  the  cogitative  power  of  the  agent  who  made 
them  ;  and  not  only  this,  but,  by  considering  their  uses  and 
action,  we  are  able  to  discover  the  nature  of  the  feelings  whidi 
accompanied  the  cogitations;  and  thus  we  become  able  to  af- 
firm that  such  things  must  have  been  made  by  a  human  mind, 
or  by  a  superior  mind  or  minds,  who  knew  the  minds  of  men, 
and  wished  to  instruct,  to  gratify,  to  enrich,  or  to  mislead  them. 
Now,  when  we  consider  the  structure  of  our  bodies,  as  has 
been  done  by  Paley,  and  every  one  who  treats  of  their  anatomy, 
whatever  be  his  object,  it  is  indisputable  that  they  have  been 
designed,  and  that  a  designing  agent  must  have  existed  be- 
fore them.  This  agent  we  may  conceive  either  to  be  the 
mind  within,  or  some  designer  without.     We  may  conceive 
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that  the  mind  within  is  a  substantial  agent  which  had* .  Srwk 
the  beginning,  faculties  of  a  certain  nature  and  number^  whose 
reaction  to  aggregate  matter  around  the  mind  does  not  beooaae 
quiescent  until  all  these  faculties  become  vested  with  bod^jf 
organs.  Thus  we  may  suppose  that  the  immediate  artifioer 
of  the  human  body  is  the  human  mind,  which^  according  to 
its  intrinsic  power  and  physical  drcumstanoes,  becomes^  in 
the  course  of  years,  invested  with  bodily  organs  as  far  as  mniu 
tcr  will  serve  it,  more  or  less  perfect,  and  in  every  case  pio* 
portional  to  the  energy  or  fulness  of  the  mind  which  arranges 
or  aoctunulatea  the  particles  around  it  by  way  of  body,  ^^p- 
oording  to  this  view,  the  cause  of  our  bodily  organs  being 
what  they  are,  is  the  previous  organization  of  the  mind. 
The  more  immediate  design  is  thus  transferred  from  the  body 
to  the  mind ;  but  we  are  in  no  degree  relieved  from  the  ne- 
cessity of  finding  an  extrinsic  designer.  For  the  body,  if  it 
derive  its  origin  in  the  manner  now  suggested,  evidmtly  re- 
sults from  the  nature  or  constitution  which  the  mind  possessco, 
and  not  from  any  of  its  voluntary  actions,  all  of  which  are 
in  (act  subsequent  to  the  existence  of  the  body,  and  cannot, 
in  any  sense,  be  its  cause.  The  only  difference  between  the 
two  cases  iu  that  the  extrinsic  designer  is  in  the  one  supposed 
to  have  applied  himself  immediately  to  the  body,  in  the  other 
case  to  the  mind.  If  we  suppose  the  latter,  instead  of  ob- 
scuring the  necessity  of  an  anterior  designing  agent,  we  only 
exalt  our  ideas  of  his  wisdom  from  the  feeling  of  elegance  and 
fitness  which  such  a  mode  of  executing  his  design  awakens. 
But  this  is  taking  for  granted  the  essential  existence  of  mind, 
the  thing  to  be  proved  ;  it  is  therefore  mentioned  at  present 
only  incidentally,  and  with  a  view  to  shew,  that,  on  neither 
supposition,  can  we  escape  from  the  necessity  of  a  designer  of 
oiurselves.  If  it  be  said  that  had  our  bodies  been  otherwise 
than  they  are,  our  race  must  soon  have  ceased  to  exist  in  the 
physical  circumstances  in  which  they  make  their  appearance, 
— that  the  body  of  a  man  is  one  of  ten  thousand  things  which 
happened  to  come  into  being,  and,  having  in  its  composition 
parts  that  enable  it  to  resist  destruction,  has  survived,  while  all 
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the  odien  have  speedUy  died  as  abordoosy  and  that»  thevefone^ 
the-l«mu»>  body  ^ifltorda  jo  .  demenitiarive  )e?idqM)e  -rf.at  der 
tjgnar^mm&dng  -a  peraonality  diitinct  fiom  whatwiei:allji»^ 
tnie.  •  I  gnnt  tliat  dure  u  ibree  m  thu  aigiunenty  and 
eMmotprow  thaft  thqro.ii.dewgn  OTtrinwc  to  tbe.lmBMHpbody» 
fc^iyttWieifaflMr  diat  Ae  human  :bodyii>  the  leeull  of  aocidevt 
aa  wril'ia  <itherthiaga.  If  we  grant  that  a  atime..0iaf  Jiave 
fad»  oil- die  ground' firooi  eternity ,  wecannot  jirtme  tfaaiftlpa. 
Innnan 'body  waadengned  by  any  thing  dee  thn  the  aoiine«f 
natore,  the lone^  and  aH  other  thingi  around  the  body  coptrihw- 
ting  to  the  execution  of  thedeaign,  eackpuUingoff  or  adduii^' 
killing  or  causing  to  move,  aooording  to  its  phyiioal  diawc- 

t&t.  Bot  granting  to  this  argument  all  the  force  which  any  one 
cooU  contend  Ibr,  it  ia  only  giving  a  different  turn  to  the  in- 
quiry, not  in  any  dqpree  obliterating  the  evidence  of  deiign.  It 
It  pveKfibing  a  certain  mode  in  which  the  design  wae  executed, 
wfaidi  excludes  the  pre^existeDceof  a  perron  distinct  fkom  the 
worMy  as  the  designer  of  a  human  being  in  particular^   .But 
still,  a  man  is  a  no  leas  admirable  piece  of  mAnhon^ffyy ;  and*if 
we  suppose  that  such  has  been  hb  origin,  we  are  neces^tated 
tD  animate  the  world,  and  grant  that  it  has  the  power,  though 
in  an  awkward  way,  of  designing  and  executing  most  admir- 
able contrivances.    The  possibility  of  the  hypothesis  now  sug- 
gested, however,  limits  the  demonstrative  part  of  the  comnohon 
argument  for  final  causes,  to  the  proof  of  an  anima  mundi. 
There  must  be  some  power  somewhat  like  human,  but  of  far 
greater  breadth,  which  makes  tilings  to  be  as  they  are ;   but 
whether  this  power  be  a  mind,  a  cogitative  essence  which  ex- 
isted before  the  world,  or  whether  it  be  a  quality  of  the  world, 
as  we  may  conceive  the  mind  of  an  animal  to  be  a  quality  of 
its  brain  ;  these  are  difficulties  which  the  argument,  as  com. 
monly  stated,  does  not  clear  away  so  as  to  prevent  the  possi- 
bility of  suppoang  that  the  state  of  the  matter  may  be  diffe- 
rent from  what  that  argument  contends  for.     That  argument 
proves  Deity ;   but  it  is  nothing  to  our  present  purpose, 
whether  we  conclude,  from  the  phenomena  observed,  that  one 
mind  has  designed  the  whole,  or  that  every  region  of  nature 
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has  its  espedal  drily.  One  of  these  two  o^nnions  may  be 
shewn  to  be  so  highly  probable,  compared  with:  the  othet;  that 
it  commands  belief.  But  after  all  Ae  philosophy  wYaA  Plaio^ 
and  the  facts  which  Paley  has  brought  to  bear  upoo  the  8«b» 
ject,  the  demonstration  of  the  existence  of  mind,  apart  fSram 
matter,  still  remans  unafiected. 

But  how  are  we  to  discover  the  truth  as  to  this  matter  P 
To  shew  that  one  of  the  two  opnions  in  which  the  question 
is  comprised  is  not  true,  because  it  is  bad,  is  a  very  transotb- 
dentai  mode  of  proof,  the  logic  of  whidi  would  require  great 
discussbn ;  and  it  has  this  disadvantage  besides,  that  such  a 
mode  of  argumentation  is  not  calculated  to  produce  conviction, 
except  in  those  whose  minds  are  already  estaUished  in  the 
belief  of  all  great  truths,  and  not  in  those  who  are  doubtful  as 
to  the  very  first  principles  of  philosophy,  such  as  the  existence 
of  mind  as  distinct  from  matter.  The  opinion  alluded  to  can 
evidently  neither  be  proved  nor  disproved,  if  we  find  derign 
in  dertain  sensible  things  only,  and  not  in  certain  other  things, 
—if  we  find  the  impress  of  mind  only  here  and  there  among  the 
higher  combinations  of  matter.  But  it  is  clearly  disproved,  if 
we  find  that  not  only  is  matter,  in  its  most  complicated  states, 
impressed  with  mind,  but  that,  in  its  initial  and  primordial 
state  too,  it  is  so  impressed  by  mind,  that  ail  subsequent 
evidences  of  its  action  are  merely  evolved  impressions  of  that 
first  seal. 

To  settle  the  matter  in  this  way  may  be  thought  impossible, 
inasmuch  as  we  cannot  discover  where  matter,  in  its  original 
state,  is  to  be  found,  and  examined  so  as  to  discover  whether 
it  embody  de«gn  or  no.  But  it  is  the  fundamental  principle 
on  which  this  work  is  established,  and  on  the  assumption  of 
which  this  argument  is  conducted,  that  the  whole  system  of 
material  things  is  made  up  of  atoms  every  way  similar,  and 
duplicates  of  each  other.  It  matters  not,  then,  whether  we 
affirm  that  the  radiant  medium,  or  water,  or  any  gross  body, 
is  matter  in  its  most  ancient  state,  for  all  gross  bodies,  it  has 
been  shewn,  are  merely  fissile  congeries  of  radiant  atoms ;  and 
to  whichever  hand  we  turn,  in  the  belief  that  matter,  in  its 
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most  ancient  state,  is  there,  we  find  the  same  thing,  viz.  atoms 
of  the  same  form  and  structure  universally.  Suppose,  then, 
that,  looking  to  one  region,  in  which  we  find  bodies  ezpres- 
sive  of  design,  we  affirm  that  they  were  designed  by  the 
amma  of  another  region  of  the  material  universe,  to  which 
we  now  turn ;  that  second  region,  on  examination,  proves  to 
consist  of  similar  atoms,  consequently  we  must  seek  a  second 
designer  for  it ;  and  thus  we  gdn  nothing  in  the  argument  by 
edging  off  from  the  acknowledgment  that,  if  the  atom  dis- 
plays  design,  a  designer  must  have  existed  anterior  to  all 
atoms.  For  what  is  true  of  one  is  true  of  every  atom,  and  the 
universe  of  matter  consists  of  atoms  only ;  we  must  therefore 
admit  that  a  designing  agent  exi^ited  before  the  universe  of 
atoms,  and  consequently  that  cogitation  is  not  a  function  of 
atoms,  but  of  some  other  essence  having  the  power  of  making 
and  of  moving  atoms. 

Now,  a  perfect  design  consists  of  two  parts, — a  purpose, 
and  mechanism  by  %^hich  that  purpose  shall  be  effected.  The 
most  noble  design,  in  reference  to  matter,  which  we  can  con- 
ceive— ^but  let  it  never  be  forgotten  how  ill  informed  we 
are,  and  how  unable  to  conceive  all  the  ends  which  matter 
may  serve,  or  even  to  know  whether  those  ends  which  we  may 
conceive  be  among  the  greatest  or  the  least — the  most  noble 
design  in  reference  to  matter  conceivable  by  us  is,  1.  That 
it  be  made  capable  of  becoming  sensorial,  that  is,  linked  to 
mind,  so  that  the  latter  may  experience  its  phenomena ;  2. 
That  the  phenomena  experienced  by  the  embodied  mind  be 
such  as  to  awake  agreeable  feelings ;  3.  That  these  pheno- 
mena be  not  eternally  continued,  for  then  they  must  be- 
come repetitions  of  each  other,  which,  continuing  to  dis- 
tract the  mind,  as  all  material  phenomena  do,  must  neverthe- 
less fail  to  please  it.  This  last  may  seem  an  inconsiderable 
matter ;  but,  if  mind  be  progressive,  as  we  find  it  is,  and  if 
it  be  capable  of  attaining  a  higher  degree  of  intrinsic  happi- 
ness, in  consequence  of  the  essential  goodness  of  its  sensibility, 
than  any  happiness  which  may  flow  from  the  observation  or 
experience  of  material  phenomena,  then  a  stale  of  rest  in  mat- 
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ter,  or  an  abolition  of  phenomena,  must  greatly  contribute  to 
the  excellence  of  the  existing  state  of  things.     With  r^ard 
to  the  fulfilment  of  the  first  of  these  conditions  there  is  no 
doubt,  since  the  host  of  animated  material  beings  is  immense. 
In  this  planet  alone,  there  are  probably  more  than  a  hundred 
thousand  different  species  of  animals  capable  of  being  seen  by 
man,  and  the  number  of  individuals  in  each  species  is  usually 
inconceivably  great.     Moreover,  we  know  of  no  reason  what- 
ever to  induce  the  belief  that  other  planets  or  stars  are  not  equal* 
ly  teeming  with  sentient  life.     Flesh  and  blood  is  the  apparatus 
suiting  the  purposes  of  our  sensorium  in  the  existing  tempe- 
rature of  our  world ;  but  we  know  that  sensorial  matter  ex- 
ists everywhere ;  and  how  many  different  sorts  of  spheroidal 
molecules,  besides  flesh  and  blood,  may  exist  in  other  regions, 
and  be  capable  of  serving  the  purposes  of  sensoria,  we  can  no- 
wise determine.     Nay^  no  good  reason  can  be  advanced  why 
flesh  and  blood  themselves  may  not  exist  in  other  stars.     It 
must  be  admitted,  then,  that  most  ample  provision  has  been 
made  in  the  designing  of  material  things  for  uniting  matter  to 
mind. 

With  regard  to  the  second  particular  involved  in  our  cod- 
ception  of  the  best  possible  design,  viz.  that  the  action  of 
matter  should  excite  agreeable  feelings  in  the  embodied  mind, 
there  can  be  no  more  doubt  than,  in  reference  to  the  former, 
that  it  is  fulfilled.  Is  not  almost  every  material  thing  which 
we  perceive  beautiful  ?  And  is  it  not  most  pleasant  to  con- 
template beauty  P  There  can  be  no  doubt  that  even  a  state  of 
simple  embodied  existence  is  one  of  continued  pleasurable  feel- 
ing. Our  very  wants,  the  supplying  of  which  only  brings  us  to 
our  right  and  most  pleasant  physical  condition,  have  an  agree- 
able pungency  in  them  which  makes  us  call  them  wishes. 

It  is  only  when  our  organization  is  in  danger,  and  conse- 
quently our  embodied  existence  threatened,  that  pain  is  felt, 
which,  while  it  makes  us  more  quick  to  die  feeling  of  plea- 
sure at  other  times,  is  of  all  conceivable  expedients  the  most 
eificient  for  securmg  the  mind's  interest  to  maintain  the  entire 
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state  of  its  bodily  organs.  When  a  qvecies  has  bj  some  ac- 
cident (not  now  .to  be  inquired  into)  fallen  into  a  state  ot  dift* 
ease^iboth  in  mind  and  body,  as  is  too  obviously  the  case  nitb 
man^the  exquisite  structure  of  the  mechanism  of  paip ^can 
scarcely  be  rightly  perceived. .  ,But  even  in.our  present  igniK> 
ranee,  by  having  i^gard  to  the  whole  of  the  animated  creatian^ 
it  could  be  shewn  to  the  satisfaction  of  every  one,  and  that  to 
every,  degree  of  detail,  that,  by  being  embodied,  mind  ia  iiv- 
volved  in  a  state  of  pleasant  feeling,  every  departure  from 
this  state  being  only  a  piece  of  exquisite  mechanism  to  secure 
the  continuance  of  the  organization,  and  consequently  the 
state  of  pleasure  in  the  mind.  When  a  wound  is  mortalyift. 
sensibility  usually  accompanies  it ;  and,  if  it  be  not  mortal, 
yet  such  as  unfits  an  animal  for  enjoying  its  existence,  other  in- 
dividuals usually  render  it  quite  insensible,  by  appropriating 
it  to  themselves,  and  causing  the  molecules  of  which  it  consists 
to  contribute  to  their  own  pleasant  feelings.  Nay,  so  uni- 
versally does  this  provision  of  producing  inseni^bility  prevail, 
wherever  there  is  a  wound  which  unfits  the  animal  for  enjoy-* 
ing  its  existence,  that  even  graminivorous  animals  often  de- 
stroy the  sensibility  of  their  mutilated  companions,  though 
they  make  no  use  of  their  flesh.  We  who  have  the  horror  of 
death  within  us,  and  too  many  reasons  for  being  alarmed  at 
such  an  event,  naturally  regard  such  arrangements  as  those 
now  noticed  with  a  feeling  of  disapprobation,  rather  than  the 
reverse.  But  the  inferior  animals  have  no  consciousness  of 
death.  To  be  kiUed,  while  under  pain,  is  only  to  be  made 
insensible  to  the  pain.  If  it  be  said  that  death,  in  all  circum- 
stances, ought  to  have  been  avoided  ;  then  this  is  granting  that 
embodied  existence  is  a  state  of  pleasant  feeling,  which  is  the  po- 
sition contended  for,  or  it  is  assuming  that  the  animal  killed  can- 
not be  replaced  in  creation,  which  latter  we  know  is  contrary 
to  fact.  Upon  the  whole,  were  it  not  that  it  would  occupy 
space,  and  lead  us  aside  from  the  main  argument,  it  might  be 
unequivocally  shewn,  that  a  state  of  sensorial  existence  is  a 
state  of  pleasant  feeling.     This,  then,  the  second  idea  of  the 
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be»i  purpose  conceivable  bj  us,  in  reference  to  matter,  is  fid. 
filled/  The  third  idea,  that,  in  the  course  of  time,  iotrinsie 
malerial  action  should  come  to  rest,  and  motion  be  whoHjr 
obedient  to  mind,  is  also  distinctly  indicated  in  the  ordinatioa 
of  the  world*  It  has  been  shewn,  in  the  preceding  pages^  that 
all  atomic  movements  are  the  consequence  of  an  universal  ten« 
dency  of  atoms  towards  being  included  under  a  spherical  form ; 
and  in  reference  to  this  form  it  has  been  shewn  that  it  is  in- 
capable c£  intrinsic  action,  and  that,  if  all  atoms  were  q>be- 
rical,  and  of  equal  magnitude,  the  material  universe,  except 
for  insulated  acts  of  mind,  would  be  absolutely  inert,  and  in 
repose. 

It  appears,  then,  that  the  tripartite  purpose  which  mat* 
ter  actually  serves  is  the  best  that  we  can  conceive.  It  is 
made  capable  of  being  perceived  by  mind,  in  virtue  of  the  in- 
stitution of  a  sensorial  mode  of  existence :  this  state  of  sen- 
sible perception  is  a.state  of  pleasant  feeling ;  and  when  mind 
shall  have  experienced  such  pleasant  feelings  long  enough, 
and  shall  have  acquired  perceptions  enough  relating  to  the  eub* 
isting  state  of  the  material  universe,  matter  may  cease,  from 
intrinsic  action,  and  become  wholly  obedient  to  mind.  But 
the  reader  will  perceive  that  I  am  again  taking  for  granted 
the  existence  of  mind,  the  thing  which  remains  to  be  proved. 
There  is  no  harm,  however,  in  doing  so  in  such  digressive 
parts  of  the  argument  as  this,  because  the  nonexistence  of 
mind  is  not  proved,  nor  made  probable  ;  and,  therefore,  as  a 
thing  that  may  be,  we  may  treat  of  it  where  its  existence  ex* 
plains  phenomena.  But  though  this  be  not  granted,  the  ar- 
gument stands  untouched,  and  the  disputant  may  neglect  as 
much  of  what  has  now  been  said  as  to  the  purposes  which 
matter  serves,  as  he  feels  disposed.  The  body  of  the  mechiu 
nisro,  whatever  be  its  object,  gives  evidence  of  pre-existing 
mind,  not  to  be  disputed,  though  all  other  considerations 
whatever  were  excluded.  Let  us  then  consider,  in  a  few 
words,  the  structure  of  the  atom.  The  evidence  of  a  pre. 
existing  mind  becomes  more  convincing,  in  proportion  as  the 
mechanism  is  perceived  to  be  more  peculiar  and  exquisite. 
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But  what  constitutes  peroeptimi  in  a  machine  ?  Fitneaa,  cer- 
tainly, for  all  its  peculiar  actions,  without  superfluous  parts. 
Every  good  engineer  might  be  appealed  to  fbr  oonfirmmlioD  of 
the  statement  that,  when  the  pleasing  of  the  eye  is  not  to  be 
considered,  simplicity  in  mechanism,  supposing  the  action  not 
impaired  by  it,  is  the  perfection  of  art ;  and  that,  when  beauty 
of  form  must  be  conudered  too,  something  more  than  men 
fitness  is  required. 

In  the  preceding  pages  of  this  work,  it  is  maintained  and 
illustrated  in  a  multitude  of  cases,  that  the  medianism  by 
which  all  the  physical  and  chemical  phenomena  c^  the  mate- 
rial world  are  evolved,  consists  of  an  innumeraUe  boat  of 
atoms,  every  way  similar,  and  all  of  them  duplicates  of  any 
one.  This,  then,  is,  of  all  mechanisms,  the  most  simple  con* 
ceivable ;  and  that  so  grand  and  beautiful  a  system  as  the 
world  is,  should  arise  out  of  so  simple  elements,  is  itself  an 
argument  adequate  to  our  purpose.  But  let  us  consider 
somewhat  more  in  detail,  the  structure  of  an  atom.  This  will 
at  once  serve  the  purpose  of  the  present  argument,  and  of  a 
summary  of  views  which  otherwise  are  only  to  be  found  dif* 
fused  over  many  pages. 

An  atom,  then,  is  an  exceedingly  small  body,  consisting  of 
two  substances,  viz.  a  hard  nucleus,  surrounded  by  a  sphere 
of  a  very  mobile,  elastic,  and  rare  nature,  as  the  earth  is  by 
its  atmosphere,  or  the  sun  and  stars  by  their  photospheres. 
This  atom  possesses  two  forms  ;  one  internal,  developed  at  the 
confines  of  the  nucleus  with  the  subtile  matter  o  r  light,  that  sur- 
rounds it ;  the  other  external,  developed  at  the  confines  of  the 
atmosphere  of  subtile  matter  with  space.  The  internal  form  is 
the  tetracdron,  or  the  most  acutely  angular  form  possible. 
The  external  form  is  the  sphere,  or  the  least  acutely  angular 
form  possible.  Hence,  according  to  the  nature  of  matter,  the 
structure  of  the  atom  is  exquisitely  calculated  to  dispose  it  for 
the  evolution  of  a  variety  of  spontaneous  phenomena  or 
movements  greater  than  we  can  conceive  by  any  other  media- 
nism,  as  often  as  a  number  of  atoms  be  placed  in  contact  with 
each  other  :  For  it  has  been  shewn  to  be  a  law  in  the  nature 
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of  matter,  that  the  spherical  is  that  form  to  which  alone  rest 
is  proper  upon  oooasioiis  where  opportunity  is  ailbrded  Cor 
portions  of  matter  to  bring  their  tendencies  to  remain  at  rasty 
or  to  move,  into  action.  If  both  the  external  and  internal 
form  of  the  atom  had  been  spherical,  then  atoms  could  have 
had  no  intrinsic  tendency  to  move  amoi^  each  otlier.  But 
because  the  internal  form  of  the  atom  is  composed  of  four 
plane  faces,  joined  at  four  acute  trihsedral  angles,  the  ten- 
dency of  the  atom,  in  virtue  of  this  part  of  its  structure,  is 
to  move;  and  yet  it  is  so  circumstanced  that  its  movements 
cannot  be  productive  of  random  combinations,  which  may  or 
may  not,  according  to  accident,  cause  the  groupe  aggregating 
to  approximate  the  spheroidal,  and  thus  relieve  it  of  its  ae» 
tion*  It  results  from  the  structure  of  its  own  external  form, 
and  from  the  circumstance  that  all  the  atoms  of  the  radiant 
medium  are  duplicates  of  it,  their  spherical  external  forms 
being  preserved  entire,  that  all  the  movements  originating  m 
the  angularity  of  the  nucleus,  must  be  directed  towards  the 
evolution  of  a  sphercndal  molecule,  or  a  form  of  repose.  The 
law  of  induction  demands  that  the  moving  atoms  group  to- 
gether, so  that  the  aggregate  possess  the  same  form  as  that 
which  prevails  around,  that  is,  the  spheroidal,  which  is  the 
external  form  of  every  atom  of  the  radiant  medium  which  fills 
the  universe.  This  law  of  assimilation,  induction,  or  imita- 
tion, has  been  so  often  illustrated  in  the  preceding  pages,  and 
is  so  generally  acknowledged  by  philosophers,  that  I  need  not 
insist  at  present  on  its  illustration,  more  especially  as  it  will 
soon  demand  our  particular  regard.  The  structure  of  the 
atom,  then,  its  most  acutely  angular  form  towards  the  centre, 
and  its  spheroidal  form,  on  its  more  extended  regions,  toge- 
ther with  the  fact  that  all  atoms  are  duplicates,  and  that  there 
is  a  vast  quantity  of  atoms  diffused  through  space,  in  a  free 
and  entire  state,  brings  to  pass,  with  wonderful  simplicity  of 
mechanism,  and  yet  more  efficiently  than  any  other  apparatus 
conceivable  by  us,  that  the  universe  of  matter  shall  be  in  mo- 
tion, and  still  all  that  motion  be  only  a  conatus  towards  a  state 
of  repose. 
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But  though  all  this'be  evidently,  implkd  in;  .the 
contour  of  one  atoni) .  some  further,  appfu^atua  was  ^yiieutiy 
required  which  might  be  coeval  with  tbe.eni.t)C  intrinaio  moo- 
tioo^  and  might  serve  to  cause: atoms.. tf>  oabare  whenihejr 
have  made  an  approximation  Uwrards  theorisis.of  iheitAolito. 
Had  the  atom  not  beenangular,  it  had  not  jbeen  under.  tJbeiiwu 
eessity  of  moving,  except  in  cases  of  ^sechaaical  iinpiilaei  aad, 
in  these  circumstances,  therefore,  it  had  not  needed  any  me> 
chanism  of  coherion.  But  since  it  was  a  part  of  the  diea^  of 
the  material  world,  that  it  should  move  mechanicaQy  4aring 
a  certain  era^  to  which  intent  it  was  necessary  to  make  the  in- 
ternal form  of  the  atom  angular,  to  these  very  angles  do>we 
find  the  mechanism  of  cohesion  (rendered  necessary  by  the 
atoms^  tendency  to  motion)  attached,  so  that  when,  by  an  aho- 
lition  of  angularity,  the  tendency  to  move  shall  be  abriidied, 
the  apparatus  of  cohesion  shall,  be  obliterated  along  with  it  f 
Thus,  without  the  institution  of  any  new  law,. in  nefer^noe  to 
matter,  or  the  contradiction  of  any  now  extant  (which  wmU 
amount  to  the  creation  of  a  new  universe),  an  apparatiMiifi  omi- 
trived,  by  which  the  world  of  matter  shall  move  intniiaAcaUy, 
and,  it  may  be,  contrary  to  the  volitions  of  finite  minds,  during 
one  epocha ;  while,  during  another,  it  shall  be  fitted  only  for 
rest,  or  for  moving  exclusively  in  obedience  to  mind. 

That  movement  of  an  atom  which  constitutes  fire  is  a  cona- 
tus  to  obliterate  the  angularity  of  its  internal  form,  and  may 
also  be  explained  on  the  principle  of  the  law  of  induction ; 
for  when  we  consider  the  nature  of  matter,  which  is  ever 
tending  to  expand  to  the  utmost,  we  may  conclude  that  the 
nucleus  of  an  atom  in  a  state  of  perfect  coldness  or  stillness 
is  in  its  most  fully  expanded  state.  That  vibratory  action 
of  its  angles,  then,  wherein  heat  consists,  must  only  be  so 
many  partially  successful  attempts  to  reduce  the  tetraedioo 
to  a  sphere.  Now,  in  accordance  with  this  view,  we  find  that 
heat  accelerates  the  movements  of  matter,  that  is,  causes  to  be 
accomplished,  in  a  shorter  time,  a  certain  approximation  to 
the  crisis  of  atomic  action,  which  had  otherwise  required  a 
longer  time.    Moreover,  this  acceleration  is  accompanied  with 
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a  diounutioti  of  cohesive  energy,  which  is  anoth^  result  fTDm 
the  mechanism  of  the  atom,  diiqplayinf  the  same  exquUti^ 
power  of  eontrivanoe,  and  intimating  that,  were  aogubpily 
abciukt^  so  abo  ^would  be  the  powel-  of  inffSnsic  coh 
Hod  tbefe  been  no  limit  to  the  pbwer  at  coh^on,  atoois 
denCaUy  mtaabed,  might  have,  cohered  so  pertinadously  lh«f 
the  ooispktkm  of  a  spheroidal  form  might  oftto  falnre  bMi 
prevented  by  llieic  awkward,  appositions,  and  contigiioas  mokX 
cules might  have  been  congealed  in  a  malss  rendered  incapiMe 
0t tboMtilsaiisible. radvements which,  in  the  pitsent  admindde 
eoonomjr  /of  |he  worlds  ^ve  rise  to  the  most  exquisite  of  all 
fbMomeatL  By  rendering  the  substance  of  the  nocleris 
elastic,  and  by  instituting  that  a  decrease  of  attractive  infeem 
rity  in  thei subtile  matter  opposite  the  vibrating  angles  should 
aeoompsiqfslhe. action  of  their  elasticity,  all  (excessive  eohesmi 
is  piwvented;  and,  by  imparting  to  the  electric  or  repnUv^ 
principle  the  intaisity  lost  by  the  gravitating  or  adhesive,  the 
tendency  to  moiKe  into  spheroidal  positions  is  increased  dnrii^ 
the  momenta  when  it  is,^  by  the  diminution  of  the  restraining 
influeoae^.permiftted.  to  act  most  freely. 

We  secii  tho^  that,  in  the  structure  of  the  atom,  there  esisls 
a  mechanism,  bettor  calculated  than  any  other  that  we  can 
ccmcave^  and  most  wonderfully  simple,  for  enabling  it  to  ful* 
fil  the  grand  purpose,  first,  of  moving  and  displaying  pbeno* 
mena ;  and,  secondly,  of  remaining  at  rest,  or  becoming  wholly 
obedient  to  mind. 

But  it  was  stated,  that,  besides  fitness  for  its  function,  such 
is  the  luxurious  nature  of  mind,  that,  to  be  perfect,  the  me- 
chanism of  matter,  so  far  as  it  is  visible,  must  needs  be  beau- 
tiful, alsd.  It  b  true  that  the  perception  of  fitness  awakens  an 
emotion,  yery  often  not  to  be  at  once  distinguished  from  that 
of  the  beautiful.  There  is,  however,  as  will  be  afterwards 
shown*  a  very  marked  difi*erenoe  between  these  feelings ;  the 
pleasant  feeling  consequent  on  the  perception  of  fitness,  is  an 
emotion  resulting  from  cogitation,  and  therefore  not  imme* 
diatdy  a  seniutive  phenomenon ;  while  the  feding  of  beau^  is 
an  enolioo  starting  up  immediately  on  the  behddin^  6[  a 
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beandfiil  form,  or  the  hearing  a  beautiful  lone.  The  one  i§ 
a  phenomencm  of  reflection,  the  other  is  nothing  bu|  a  |Murti* 
mdar  sensation,  nx>re  agreeable  than  other  aenaatioiia  of  the 
Mune  class.  This  subject  will  be  illustrated  afterwards; 
meantime  it  wiU  be  granted,  that,  besides  fitness  lo  perferaa 
its  designed  action,  it  was  required,  in  the  perfect  dement  of 
things,  that  it  should  have  some  mechanism  contrived  in  le- 
lation  to  the  sensorium  of  embodied  animals,  or,  what  oooes 
to  the  same  thing,  that  the  saisorium  of  «iimals  should  be 
contrived  in  relation  to  the  element,  so  that  the  action  et  the 
one  upon  the  other  should,  besides  awaking  the  peroepdon  at 
the  external  object,  bring  the  mind  into  that  state  of  agreeable 
feeling,  wherein  the  emotion  of  beauty  consists.  Now,  this 
is  accomplished  in  the  most  exquisite  manner  by  the  institu- 
tion of  polarity  which  constantly  gives  rise  to  symmetrical  or 
beautiful  forms,  and  not  only  to  symmetrical  forms,  but  to 
such  combinations  of  symmetrical  parts,  that  it  is  umv^sally 
agreed  that  beauty,  in  works  of  art,  is  derived  adely  fitxn  a 
pure  imitation  of  nature.  There  is,  however,  a  certain  ekmeat 
which  comes  in  here,  and  incapacitates  us  for  discussing  the 
subject  at  present,  viz.  embodied  expres»on  of  mind  which 
awakens  the  feeling  of  mental  beauty,  or  the  reverse,  and  so 
modifies  our  feeling  of  formal  or  material  beauty,  when  the 
object  is  viewed  en  masse,  that  it  has  generally  been  deemed 
impossible  to  discover  the  conditions  of  matter  which  develope 
the  feeling  of  beauty  ;  nay,  even  the  illustrious  Verulam  stig- 
matizes those  as  triflers,  who  attempt  to  discover  its  elements. 
It  will  be  afterwards  shown,  however,  that  the  mechanism  of 
polarity,  by  the  symmetrical  figures  which  it  produces,  is  the 
cause  of  the  evolution  of  such  forms  as  we  name  beautiful. 
Now,  this  mechanism  we  find  the  possibility  of  evolving  in 
every  atom,  for  it  is  not  necessary  to  assume,  that  polarity  is 
any  thing  else  than  a  consequence  from  the  same  state  of  things 
as  has  been  supposed  adequate  to  cause  all  atomic  movements 
naturally  excited  be  tendencies  to  the  spheroidal. 

In  the  preceding  parts  of  this  work,  the  evolution  of  sphe- 
roidal forms  has  been  regarded  as  the  effect  of  the  action  of  a 
polarized  structure.   It  has,  in  the  preceding  page,  been  traced 
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to  the  law  of  inductioi^  and  ascribed  to  the  fact,  that  the 
ter  filling  all  the  spaces  around  the  coi^regating  atoni8>  apid 
in  the  celestial  spaces  generally,  is  composed  of  an  innumenUb 
host  of  spheres  which  dispose  to  the  evolutbn  of  moce.  The 
intermediate  stages  of  this  evolution,  then,  must  consist  in  the 
Tarioua  states  of  polarity.  The  action  of  spheriferous  indoo- 
tion  makes  one  body  of  a  certain  form  to  be  electro-negatiYii^ 
another  of  another  form  electro-positive ;  they  unite  becanae 
they  are  so,  and  this  constitutes  the  details  of  the  procesSy  by 
which  the  influence  of  induction  takes  eflS^t.  We  are  not 
oeoessitated  to  complicate  the  mechanism  of  the  atom,  by  aa- 
soming  that  a  particular  apparatus  has  been  instituted,  inda- 
pendently  of  the  existing  state  of  the  surrounding  medium,  by 
which  polarity  shall  be  evolved.  When  we  find  that  the  subtfle 
matter  of  atoms,  which  are  grouped  together  into  the  form  cf 
oxygen,  is  intensely  negative,  while  a  little  brfore  investii^ 
the  same  atoms  in  the  state  of  hydrogen  it  was  intensely  posi- 
tive, we  seem  to  be  giving  to  subtile  matter  a  latitude  of  ftiti^ 
tion  which  is  unsatisfactory ;  and,  not  being  able  to  disooveir 
any  reasoa  why  the  state  of  tlie  polarity  of  the  subtile  matter 
around  an  atomic  nucleus  should  be  changed  by  that  nudeos 
considered  by  itself,  nay,  being  rather  averse  to  believe  that 
the  internal,  tempcnury,  or  angular  form,  should  have  so  great 
influence  in  modifying  the  external  and  more  perfect  form,  the 
mind  feels  as  if  something  here  remained  unexplained,  fiiit 
if  we  suppose  that  positive  and  negative  polarities  are  condi- 
tions  induced  by  the  influence  of  the  subtile  matter  surround- 
ing the  pontive  or  negative  form  considered,  then  the  mind 
is  satisfied  with  the  explanation,  provided  all  the  details  of  the 
phenomena  of  polarity  countenance  such  a  belief;  because 
audi  a  supposition  is  the  simplest  possible,  and  is  in  harmony 
with  the  analogy  of  nature.  Upon  returning  to  consult  the 
figures  and  descriptions  of  electro-positive  and  electro-n^a- 
tive  molecules,  it  will  be  admitted  that  the  currents  there  de- 
scribed, and  assigned  as  the  cause  of  the  phenomena,  are  just 
the  phenomena  which  we  should  expect  from  the  action  of 
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the  law  of  Wiiaidii  or  'itidtttidif  Mir  dbnMiUrtf.    Bat'  dor 
imowledge  of  theactuid  inedbtttittA  df '  Mbtilf  if^^ 
ferent  ftatai  df"  jpolaritjr,  lii  tinliapt/tt^wi^^ 
Adloiy  diseimndn'o^afty  vle#  df !»  »!^*^*  "^•-^'^^^      C'*!*^^' 
^- Ab  it  18  nof,  therefore^  In  aiiy  dc^'^hiilfa^rfat  vri^  jtt^ 

dKraU  be  gained,  were  itproted;i»ooliat)riyfcatfm^ 
oPtiie  mecbamuD  of  the  klo(D,  amf  a  f«tf utitloil  lit  tttte  lAtiliilMr 
ttf  the  lawB  ofatoimc  actionV  tbftt  is  lof  nattitei'^Nay,  -dlri^ite 
•^mne  who  think  ttmt  a  omj^iear^  titale  cf  tUtigf  ai|(tMi|Mi 
fectioD  of  design,  and,  ihaie  eilpec&Dy,  gl»eB  belter  m^Mbntttf 
deHgn  than  a  ampler  stat^  of  thtngt. '  iSudi  ipenoimiihmii^M 
deem  tliat  this  attempt  to  riihpKfy  had  as  weU  b6  let  aldiKs!^  -For 
my  own*  parff,  while  the  acfions  and  funcdbagof'aiiy  pfterflof 
tneehanism  reniain  the.  same  in  nnmbef^  andeffieienejr,  I  ibIbA 
Jhat  evoy  part  at  fiirst  supfiosed  ibepat  fai^tfae  madiiiMV'be- 
oaiiee.  it  seemed  necessary  to  fcaiplidn*its  afcticn;  andy  by  onM 
detailed  investigatioik,  i«mo?^  "as  a  thing  that'does  mot  esnUt^ 
the  remainder  being  still  adeqaate.  to  all  tbecfliiets^'ur'iidt 'de- 
creasing evidence  of  design;  bul^iaddhiig'i^;  in' the- ratio' that 
ihe  machine  b  disburdened  ot'supMraMis  parts;  *         >..>... 
Such,  then,  are  some  of  th^  most  considerable  feattires  of 
the  atom,  and  surely,  under  any  View  that  can  be  taken  of  it, 
it  is  the  most  wonderful  and  admirable  piece  of  mecfaanism 
that  can  be  conceived.     That  some  InteOigence  made  this 
atom,  is  as  certain  a  truth  as  any  that  philosophy  or  common 
sense  can  propose.     Nay,  not  only  does  every  point,  and  fea- 
ture, and  action  which  it  possesses,  bear  the  impress  of  supreme 
intelligence,  but,  like  the  instruments  of  art  alluded  to  al- 
ready, its  parts  arc  placed  in  opposition  to  each  other,  and  all 
its  activities  are  so  many  conatus  to  abolish  this  existing  state 
of  opposition.     It  is  impossible,  then,  that  one  part  of  the 
atom  could  have  designed  and  executed  the  other ;   for  the 
aclion  of  cither  part  is  opposed  to  the  production  of  the  othcn 
As  Nature  could  not  possibly  make  a  ship,  all  its  efforts  being 
on  the  other  hand  to  destroy  such  a  production  of  human  nfK 
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genuity ;  io  neither  could  the  one  sort  of  matter  in  an  atom 
shape  and  develope  the  other.  The  states  of  the  two  things 
are  opposed  to  each  other.  The  one  possesses  a  tendency  t6 
destroy  the  other,  and  assimilate  both.  It  is  therefore  inip6B^ 
sihie  that  die  one  oould  create  the  other.  Since,  then,  th^  ad^ 
mkmble  me^anism^of  an  atoin  cannot  be  the  result  of  its  own 
ezisteiice,  add  since  all  the  matter  of  the  universe  connits  of 
duplicate  atoms,  and  nothing  else,  it  follows  of  necessity  that 
sometbhig  else  must  have  produced  thb  congeries  tit  dupliiiate 
atoms  displaying  such  wonderful  fitness  for  executing  such 
pobie  purposes  by  such  beautiful  actions;  and  that  this  thing 
which  produced  the  universe  of  atoms,  must  have  had  an  ei^ 
sential  or  substantial  existence  at  an  epoch  when  an  atomic 
universe  did  not  exist  Now  the  action  of  thb  Essence  cion^ 
sisted  in  acta  of  intelligence.  Mind,  therefcnre,  is  proved  to 
be  an  essence  distinct  from  atoms,  anterior  and  superior  to 
them ;  and  as  no  one  will  contend,  that,  when  the  atomic  uni- 
verse was  created,  the  creating  Intelligence  was  destroyed 
either  in  his  essence  or  personality,  it  follows  that  Mind  is  'k 
third  Essence.  Of  its  intimate  constitution  we  are,  of  course, 
unable  to  say  any  thing.  But  its  diaractcristic  is  evidently 
to  possess  a  focus  of  action  essentially  one  and  indivisible.  In 
its  substance  it  is  certainly  more  similar  to  light  than  to  atomic 
matter,  but  it  is  more  dissimilar  to  light  than  light  is  to  atomic 
matter.  It  is  something  purely  sui  generis,  and,  of  all  things 
in  the  universe,  by  far  the  most  admirable. 
.  Thus,  the  existence  of  mind,  as  a  real  being,  and  not  a 
quality  or  action  of  other  beings,  is  demonstrated  as  incontro- 
vertibly  as  any  proposition  in  philosophy  whatever.  The  axioms 
are  strong  intuitions.  The  steps  of  the  argument  arc  very  few, 
and  tlieir  legitimate  relationship  is  most  obvious.  The  colla- 
teral hypotheses,  by  the  use  of  which  the  disputant  might 
strike  out  a  by-palh  for  himself,  and  avoid  arriving  at  the 
conclusion  now  evolved,  have  been  shown  to  be  either  unte- 
nable, or  such  as,  after  a  circuit  more  or  less  fatiguing  to  the 
mind,  invariably  lead  back  into  the  broad  avenue  of  the  argu- 
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.ineDt  again.  There  is  no  postibiUty  of  .a .  raficMinl  'gfciye, 
and,  happily>  there  is  no  reason  to  regjxi  our  oonfiaenKot ; 
for  our  argument  has  been  no  labyrinth  leaijing  to  mnoilwius 
and  destructive  mysteries,  to  avoid  which  had  beea  good  for 
us^  but  to  a  temple  displaying  ^all  that  is.  most  beautiful,  in 
the  universe,  in  which  every  thing  is  inscribed. by  the  Miod 
of  a  Supreme  Intelligence,  who  now.  fills  it  with,  his  living 
presence. 

Of  all  the  truths  of  philosophy,  this,  doubtlesa  is  tlie  most 
important:  it  may  be  the  most  awful;. it  must  ever  be  the 
most  august  and  the  most  animating.  At  such  a  discovery 
as  this,  that  within  us,  which,  as  if  urged  by  aome  fiither- 
seeking  curiosity,  may  have  been,  long  years,  impaticaiit  of  all 
but  research  into  the  nature  of  things,  ever  feeling  that  lamps 
expired  too  soon,  and  eyelids  became  too  soon  languid,  dis- 
covers a  heavenly  expanse  of  glorious  truths  above  it^  and 
feels  them  showering  down  upon  its  parching  wishes. 

It  does  not  belong  to  us  here  to  enlarge,  upon  the  attri- 
butes of  the  Supreme  Intelligence,  which  may  be  deduced 
from  a  survey  of  creation.  The  design  of  the  univ^^  indi- 
cates that  He  is  supreme  in  goodness  :  He  is  tlierefore  su- 
preme in  happiness,  for  happiness  is  in  feeling  what  goodness 
is  in  essence.  The  mechanism  by  which  the  design  of  the 
material  creation  is  worked  out,  shews  also  that  He  is  inBnite 
in  power  and  knowledge,  which  renders  Him  infinitely  able 
to  diffuse  to  any  extent  the  happness,  which,  independently 
of  all  other  things,  intrinsically  belongs  to  Himself.  But  in 
attempting  to  conceive,  by  the  light  of  reason,  the  fulness  and 
glory  of  Him,  to  whose  every  attribute  we  append  the  term 
infinite,  we  feel  that  we  are  labouring  in  vain ;  and,  in  mca^ 
suring  the  Divine  mind  by  the  compass  of  our  own,  are,  in 
fact,  only  attempting  to  make  our  own  divine. 

But  there  is  especially  one  attribute  of  the  Supreme  Being, 
which  the  naturalist  must  never  forget,  and  that  is  His  om- 
nipresence,— a  truth  which  is  never  disputed  by  any  one  who 
believes  in  the  existence  of  the  Creator  of  the  Universe.     On 
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this  alUnteresting  subject  Newton  has  the  fSdlowingreimtrks^ 
and  others  of  a  similar  import  are  found  in  a  oont%[u6us  pji^ 
of  his  work.  After  describing  the  indications  of  derign  erefy 
where  apparent  in  creation,  he  continues  thus :  **  And  the 
instincts  of  brutes  and  insects  can  be  the  effect  of  nothing 
rise  than  the  wisdom  and  skill  of  a  powerful  ever-liraig 
Agent,  who,  being  in  all  places,  is  more  able,  by  his  will,  to 
move  the  bodies  within  his  boundless  uniform  sensorium,  and 
thereby  to  form  and  reform  the  parts  of  the  universe,  than 
we  are  by  our  will  to  move  the  parts  of  our  own  bodies* 
And  yet  we  are  not  to  consider  the  world  as  the  body  of 
God,  or  the  several  parts  thereof  as  the  parts  of  Grod.  lie 
is  an  uniform  Being,  void  of  organs,  members,  or  parts,  and 
they  are  his  creatures  subordinate  to  him,  and  subservient  to 
his  will«^  This  truth  of  the  Divine  Omnipresence  is  too  often 
Ibigotten,  even  by  those  naturalists  who  believe  it  as  a  mat- 
ter (^  sound  opinion  ;  and  yet,  surely,  so  long  as  so  great  a 
fact  in  the  existing  constitution  of  things  remains  unheeded, 
we  cannot  expect  to  come  to  any  true  knowledge  of  the 
causes  of  the  more  sublime  phenomena  of  nature.  When  we 
are  attempting  to  investigate  the  phenomena  displayed  by  an 
animal,  ft>r  instance,  we  consider  it  in  relation  to  its  own  or- 
gans, the  air,  the  water,  the  place  where  it  dwells,  &c. ;  but  is 
there  any  likelihood  of  our  coming  to  a  true  perception  of  its 
nature,  so  long  as  we  neglect  to  view  it  in  relation  to  the 
greatest  of  all  possible  influences,  the  most  powerful  of  all 
agents,  the  Supreme  Spirit,  who  pervades  every  place  ?  It  is 
certain  that  the  presence  of  the  Divine  Mind  must  either  pra> 
duce  some  effect  upon  such  a  piece  of  material  mechanism  as 
the  body  of  an  animal,  or  it  roust  not.  We  have  seen  that 
the  mechanism  of  an  animal  does  not  constitute  an  animal, 
but  only  an  automaton  ;  while  it  is  certain  that  the  sensoria 
of  animals  are  the  seats  of  feeling,  and  many  of  them  of  co* 
gitation  too.  Are  we  to  suppose,  then,  that  every  animal 
species  is  animated  by  an  individual  mind  P  Or,  rather,  that 

*  Newton*8  Optics,  Q.  S3. 
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tto'iiMihauaBty  Mid.  pecnKm^ 

and'^aodn^or  oogitadaii4eiMqd  upoa  dM^iirqetm^if  ^i^^  m||. 
wrhiim  that  k  atwm.  iti  oigwiiirtkn^  w)i4t;fito  wjiwifinoii 
niMBdktdy :  due  -to  4^  pwcnbo  pf  Aft  Aipreintt  ^M|fl%i;p»^ 
i«iWllttBi-H  Vkmi  Mid  moms  attd^lib i>..W>H6!.  >*fcn  M^'^.ffr 
dMirif^i»ta  aJBMurtyMar-  btfug  ttiiir  tlUt«vfBi|rremi^  «f 

■Iri^liihithiifly  copadtiitcA  wd  {vpnridFd  witl^  b^io^ 
HwiiMifiTiglH  nrnJiam  matt wr, 1111111111  hriffjnr  iwnfii  ■■r^lwii[^^| 
itfpplied  with  «  dtgeae  of  iodividiw}^  aepaibBitj,  sniteiji  to  iti 
oipiioiiy  far  gra^yiag' ily  denrasr  frotti  the  gtwt  fionrae  df 
life,  wldi^ tliuB  dweUittg  Ifl  Kglity  cnsatct  nqrriadv of  itpftk^iol 
dbrivattve' animatiaD^  oaob  for  a  •time'  d^^ighting  in  ita  bebg^ 
thin  tnmbbiiig^'  aoootdin^to  the  laws  of  aldmki  movameiit^ 
to  be  flttcoceded  by -aoodier  and  atootber  Uka  itfldf  ?■ 

'IBm  opinion  iN^^ld  exfdain  wby  ainmal  ibtma  abbuld  bc^ 
at  ife  find  they  aroi  ^ismatanlly'tHidtng  towards  a  vaotPt  pou 
fect  ofganio  deTebpment';-  far  ^rere  they  animated  ukrtbb 
way»  we  can  only  believe  that  the  organiiiiig  jaflaeDne-wbidi 
abtuaties-  them,  must  be-,  cooatantly  tending  to  raiae  than 
in  file  scale  of  beingSi  as  far  as  the  physical  dfciimatMicBS 
avound  them  admit.  Wby  they  ebould  possess  the  fcnna 
and  instincts  which  they  do  possess,  and  not  others,  inll 
appear'  by-and-by,  after  we  have  bestowed  some  puns  on 
the  consideration  of  Man.  But  what  shall  we  say  of  this 
istrange  Being  P  It  is  evident  that  He  is  not  animated  in  this 
way.  His  moral  and  natural  history,  every  circumstance  re- 
specting man,  single  him  out  from  among  all  animals  as  a 
peculiar  species,  and  prove  him  to  be  either  a  microcoem,  or 
else  a  mystery.  Now,  it  is  to  be  remarked,  of  all  the  pro^ 
oeedings  of  the  Supreme  Being  relating  to  the  present  uni- 
verse, that  nothing  is  done  of  a  sudden  and  in  full  develop- 
ment at  once ;  that  something  new  is  never  violently  attached 
to  some  other  thing  quite  different  from  it.  Every  thing  b 
brought  to  pass  by  gentle  transitions  from  one  state  to  an- 
other, after  the  manner  of  ordinary  evolutions.  The  calm 
ocean  is  not  on  a  sudden  raised  into  a  storm,  at  the  moment 
when  the  wind  rises.     The  brightness  of  day  is  not  sud- 
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denlj  iUkn^M  by  the  Uackness  c^  mklnight.     Itfduiitanib 
do  not  suddenly  rise  fixnh  the  lefel  piiiiti.     The  heat  of  simii. 
mer  is  tiot  suddenly  followed  by  the  eold  of  winter.    An 
infimt  does  not  suddenly  start  up  into  manhood.     Ewy 
thing  is  aecomplisfaed  perfectly,  yet  always  in  the  fuhels 
of  time,  and  thmigfa  a  series  of  stages  of  suooessive  efi»- 
Intion.    The  mode,  then,  in  whidi  we  ha^e  conceived  that 
the  inferior  anitfals  are  animated,  may  be  regarded  aa  one 
step  hi  the  evolution  of  particular  intelligence  united  to 
matter.    They  have  not  permanent  individuality,  nor  have 
they  an  intrinsic  power  of  acting  contrary  to  the  Divine  will, 
with  the  consciousness  that  they  are  something  which  can  do 
so  if  they  please.     They  are  only  capable  of  individual  senn- 
bility  and  cogitation,  so  far  as  their  sensorium  can  accommo- 
date mind.     So  far  of  the  first  step  in  the  creation  of  finite 
intelligences,  in  connexion  with  gross  bodies ;  the  second,  aOi- 
cording  to  this  view,  we  should  infer  to  be  man.     That  his 
sensorium  is  the  locus  of  a  sensitive  and  cogitative  substance 
present  there,  no  one  can  doubt ;  and  that  this  mind  is  pecu- 
liarly his  own,  there  is  too  much  reason  to  believe ;  not  too 
much,  assuredly,  in  relation  to  the  thing  to  be  proved,  but 
too  much  in  relation  to  its  quality,  and  the  nature  of  the  facts 
in  which  the  evidence  consists.     For  one  of  the  strongest  ar- 
guments for  the  persistent  and  proper  individuality  of  the 
thinking  and  feeling  principle  of  man,  is  his  capacity  to  act 
maliciously,  his  ability  to  act  in  a  manner  contrary  to  that 
known  to  be  alone  consistent  with  the  activities  of  the  Divine 
Mind.     Had  man  not  l)ecn  capable  of  crime,  it  would  have 
been  more  difficult  to  shew  that  his  sensorium  is  animated  in  a 
manner  different  from  that  of  the  inferior  animals ;  for,  though 
very  strong  probabilities  could  be  advanced  for  such  a  hypo- 
thesis, yet  the  manner  in  which  it  has  been  presumed  that 
the  sensoria  of  the  inferior  animals  are  animated,  seems  ade- 
quate to  account  for  every  cfliciency  of  cogitative  power  which 
he  may  possess,  but  it  restricts  sensibilities  and  moral  dispo- 
sitions to  modes  of  a  certain  range  only.     The  manner  in 
which  this  specific  and  permanent  mind  is  multiplied  by  ge- 
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neraticD,  may  be  conndered  itt  ilhiMated  by  the  pbenomenoD 
eonstituting  what  I  have  suppoted  might  be  a  BubotkHnBte  era 
cf  the  creation  of  finite  inteiiigenoe.  The  aahtiatioa  iof  the 
sensorium  of  the  foetus  bj  the  parent^  may 'be  regarded  aa  a 
repetition  c£  that  law,  by  which  it  was  decn^  tlurt  the  seii- 
ioria  of  such  beings  as  have  not  specifie  minds  intrinsically 
peculiar  and  proper  to  them,  should  be  animated  by  the  Su- 
preme Mind  universally  present  Such  phenomena,  in  «4iidi 
a  subordifuUe  function  or  apparatus  in  a  mtperiar  animal,  is 
merely  a  repetition  of  a  primary  function  or  apparatus  iti  an 
inferior  one,  are  of  constant  occurrence  in  phj^ology ;  and 
let  it  never  be  forgotten  that  the  analogy  of  nature  is  tabe 
observed. 

If  we  grant  the  essential  existence  of  mind  at  all,  no  one 
certainly  will  be  disposed  to  believe  that  there  are  no  mote 
minds  than  one  in  the  universe ;  and  no  one,  on  this  suppod* 
ticm,  will  be  disposed  to  deny  the  specific  and  permanent  indi- 
viduality  of  the  human  mind.  I  say  permanent  individiudi^; 
for  it  is  an  obvious  consequence  of  the  admission  that  we  have 
a  specific  cogitative  substance  present  in  our  senaorium,  difi* 
ferent  from  all  other  cogitative  substances,  that  it  must  nah^ 
rally  continue  in  existence,  notwithstanding  that  separation 
of  our  bodily  molecules  wherein  death  consists.  For,  even 
admitting,  what  some  may  be  disposed  to  contend  for,  that  it 
is  impossible  to  conceive  how  a  human  mind  could  exist  with- 
out a  vehicilum  or  sensorium,  such  as  that  to  which  it  is  pri- 
marily attached,  and  in  its  nature  made  suitable  to;  even 
granting  this,  not  the  slightest  difficulty  in  conceiving  disem* 
bodied  existence  ensues :  for  it  is  evident  that  the  celestial 
spaces  are  filled  with  matter  the  very  same  in  form  and  sub- 
stance as  the  sensorium,  wherein  the  embodied  mind  is  now 
lodged.  Finding,  then,  that  the  universe  of  matter  consists 
of  a  multitude  of  individual  bodies,  it  is  reasonable  to  believe 
that  the  universe  of  mind  does  so  too. 

The  human  mind,  as  is  evident  from  every  phenomenon, 
holds  a  most  peculiar  place  in  the  scale  of  created  intelligences. 
With  regard  to  the  ratio  of  its  power,  compared  with  that  of 
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its  sMMorium  to  accommodate  it,  we  may  obienre^  thai'  to  Ja 
left  more  free  than  thote  of  the  inferior  animala  It  ianoiaD 
perfectly  supplied  with  sensorium  aa  they  are,  that  by  aiudi  as 
arrangement,  and  the  experience  of  occasional  soieorial  dia- 
comfort  retuldngi  it  may  be  made  to  wish,  and  diipoied  to 
look  for,  another  mode  of  exisience.  The  perfection  of  the 
sentient  principle  by  which  the  sensoria  of  the  inferior  animala 
are  animated,  led  us  to  anticipate  that  g^radual  improvenw> 
in  organisation  in  the  animal  kingdom  which  most  natmralitta 
contend  for.  The  incapacity  of  the  human  sensorium,  and  af 
our  organisation  in  every  feature,  to  express  and  truly  ao« 
commodate  our  mind,  is  very  remarkable.  Who  does  not  fed 
that  he  has  within  him  the  possibility  of  discovering  a  far 
greater  breadth  of  truth,  and  of  experiencing  intellectual  emo- 
tions, far  more  strongly  than  his  corporeal  wants  and  desiiea, 
and  his  organic  and  personal  confinements  permit?  Who 
does  not  experience  that  all  organic  inventions,  even  langui^ga^ 
the  noblest,  is  an  apparatus  whose  application  to  feeling,  causea 
the  bitter  to  shrink  upon  itself  as  from  an  amputating  instm* 
ment?  The  very  intellectual  consid^ution  of  an  emotion 
which  must  be  exerdsed  before  words  can  be  appUed  to  il, 
hungers  it  to  death,  and  to  make  out  its  description  is  to  un* 
dertake  its  funeral.  But  if  language  cannot  rival  feeling,  ges* 
ture  cannot ;  and  though  both  together  be  more  eflSdent  than 
either  by  itself,  yet  who,  in  witnessing  such  expression  of  feel- 
ing,  does  not  find  that  his  mind  is  careering  on  before  the 
tragedy,  and  that  the  best  acting  is  after  all  only  playing,  only 
an  imperfect  imitaticm  of  that  which  the  mind  has  already  VN 
presented  on  some  internal  stage,  in  a  manner  so  much  belter 
suited  to  the  mind^s  perceptions  of  the  subject,  that  the  best 
player  is  felt  to  be  little  better,  in  as  far  as  expression  of  the 
subject  is  concerned,  than  one  of  those  soldiers  who  are  put  in 
front  of  a  regiment  to  make  certain  extravagant  movementa 
bearing  a  certain  relationship  to  the  evolutions  of  the  armed 
companies,  but  wanting  all  the  point  and  force  oS  the  moving 
bayonets  P  And  if  another  cannot,  by  the  use  of  his  whde  fi^ 
cullies  and  organization,  express  to  us  so  much  as  we  already 
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feel  who  have  conceived  the  plot,  lio  more  do  we  find  lOur  in- 
ternal organizaiiott  able  to  aooamniodate  ifeself  to  all.  that  we 
know  our  minds  to  liave  the  pcenbility  vt  feding.  •  .  Igaoranee 
has  drawn-'adismai  circle  around  us,  oonoentriavith  ifrhid^ 
and  tx)o  near  the  cenire,  Ues  die  fiory  ring  ofblessed  anttiitJOBf 
from  which- here  and. there  rays  of  truth  do  indeed  shoot  out 
towards  the  regioiiof  the  unknown ;  but  a  crowd  of  mo^  he- 
terogeneous thingfw  entrapped  by  sensation land  retained,  with- 
m  the  mind  by^martial  law,  drihk  up  and  destroy  the  streams 
of  truth,  and  force  the  mind^s  currait  into  the  channels  of 
error.     Nay^  so  inadequate  are  our.  present  organic  cuxriMB* 
stances  for  accommodating  the  mind  in  all  its.  activities,  that 
our  strongest  and  most  vivid  states  of  mental  action  operate 
like  a  freezing  mixture  on  the  body,  and  its  expreseion  is  never 
so  fit  to  tell  the  mind^s  grandeur  as  when  it  seems  to  stand  like 
living  marble.  Under  stronger  emotion  the  whole  organic  mass 
becomes  an  invduntary,    convulsive,  or  tremulous   thing. 
Every  strong  state  of  feeling  causes  some  (H*gitnic.  disturbance 
in  our  body,  wisely  designed  to  remind  us  of  the  necessity  of 
acting  cautiously  so  long  as  we  are  under  the  necessity  of 
seeking  our  way  through  existence  by  the  use  of  reason,  and 
to  temper  our  sensibilities  lest  they  stretch  beyond  our  organi- 
zation's ability  to  bear,  and  give  rise  to  derangement,  sick- 
ness, or  death.     But  that  serious  accidents  should  not  occur 
to  the  brain  on  slight  occasions,  our  all- wise  Creator  lias,  as  it 
were,  directed  the  too  vigorous  reaction  of  the  mind  during 
emotion  chiefly  upon  the  blood,  which  is  at  once  able  to  bear 
the  agitation,  and,  in  virtue  of  its  inherent  tendency  to  a  cer. 
tain  rate  of  movement,  act  as  a  goveimor  and  check  upon  the 
excessive  mental  action. 

Assuming  the  existence  of  mind  as  an  essence  distinct 
from  Ixxly,  all  this  is  satisfactorily  explained.  On  assuming 
that  mind  is  merely  a  function  of  atoms,  these  phenomena, 
and  the  whole  study  of  physiology,  are  reduced  to  a  chaos, 
and  ourselves  to  creeping  things,  without  either  history  or 
destiny.  We  cannot,  indeed,  under  any  hypothesis,  explain 
all  things.     Unless  we  could  "  carry  the  torch  of  discovery 
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around  the  universe,**  and  were  admitted  to  the  oouoaels  of 
the  Eternal,  we  never  could  tell  whj  the  things  that  are,, 
exist,  rather  than  dome  other  things  that  might  have  btequ. 
Certainly  there  was  no  necessity  to  make  it  impowUe  for 
other  things  to  be,  if  the  Omnipotent  had  so  willed  But  U 
is  all  beyond  the  province  of  human  science  to  progiMisticate 
the  contingencies  of  Omnipotence  and  Eternity.  It  is  our 
province  only  to  inquire  into  the  nature  of  the  things  which 
exist ;  and  our  inquiry  here  is  hallowed  by  the  Creator,  qnly 
when  our  discoveries  awaken  emotions  of  intdlectual  happi- 
ness. Such  happiness  can  only  arise  from  the  perception  of 
goodness ;  and  so  often  as  our  researches  lead  us  to  the  per- 
ception of  goodness  as  their  legitimate  conclusion,  they  lead 
us  to  the  source  of  things.  It  is  this  perception,  and  this  only, 
which  makes  the  ph'dosopher,  the  man  who  has  the  disposition 
to  live  like  a  god.  It  is  this  which  wipes  away  the  scales  of 
that  lixard  armour  in  which,  while  io  ignonnoe  of  the  natuie 
of  things,  we  endose  our  small  spirits  under  the  name  of  a 
necessary  selfishness.  Ceasing  to  be  afraid  of  others^  badness, 
when  our  own  is  subdued,  our  selfishness  consists  only  in  seek- 
ing to  difftise  to  others  the  happiness  which  we  possess.  We 
leave  to  the  wicked,  without  occupying  ourselves  in  small  dis- 
quietudes and  in  self-degradation,  to  take  from  us  whatever 
they  find  themselves  able  and  disposed  to  do,  assured,  that 
by  affi^rding  us  self^toucbing  exhibitions  of  ignoble  conduct, 
they  strengthen  our  hatred  of  it ;  and  that  by  giving  us  op- 
portunities of  exercising  forgiveness,  they  improve  our  hearts. 
But  let  us  enter  more  minutely  into  the  structure  of  our 
mental  constitution. 

OF  THE  PHYSIOLOGY  OF  THE  HUMAN  MIND. 

What  is  the  nature  of  the  mind^s  action  ?  At  what  crisis 
is  it  aiming  ?  What  are  its  laws,  and  why  are  they  what  we 
find  them  ?  It  has  been  ordered,  that,  in  our  present  organic 
drcumstances,  matter  is  to  afibrd  us  the  subject  of  almost  all 
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00^  imAtive  knowledge.  We  have  seen  that  to  its  mechii< 
nbn  weoweourdcmonatrattonof  lhe<.-xlstencc  and  attribuiM 
of  die  Siqfnme  Being.  May  it  nut  be,  that  the  laws  of  ma- 
tniil  Mtioiu  are  merely  enibodied  repetitions  of  those  bjr 
wUdi  miod  acts,  by  the  knowledge  of  which  it  is  provided, 
diat  wem^  Mquire  a  knowledge  of  what  we  are,  how  we 
Mt,  and  what  i»e  tend  to?  Fur,  ss  rc(l«;tion  on  our  own 
ital  states  implies  a  particular  and  unnatural 
D  of  the  thing  studied,  we  cunnut,  by  reflection  eati' 
alone,  delect  tlic  causes  and  iibject  of  thoilfl 
anocnnre  jdioaea  which  the  ndnd  anunMs  during  the  'lem- 
Rbcy  of  life.  Thia  ynetm  ii  analogous  to  tboae  experiSMiJiia 
of  i^yriok^ists  in  whidi  tihe  obKrrer  wnundi  or  ■""*"i1fii  a 
vital  organ,  and  having  thus  brou^  the  ammal  into  i^  riiia 
of  diaeased  action,  ooncludea  reapectiDg  the  cauae  of'ito  i^ 
tanl  actiona.  By  BUch  meana,  miicli  aaay  be  lwiiad,'liirt  dijf 
aa  mocb  aa  to  coaUe  ui  to  compare  the  succeanve  pbempMan 
«f  mind  with  other  thiiigB,  and  obaerre  their  ^greepnt  or 
■  diaagreement.  It  ia  odI;  by  the  poweMion  of  a  pHtmI  ex- 
enplar  of  the  action  of  mind,  conoeiTed  of  by  sennble  pho. 
aeoama,  that  we  can  ever  hope  to  learn  the  resaon  wbj  tbe 
mitHTB  action  is  what  we  find  it,  and  not  otherwiae,  or,  as 
we  might  say,  the  structure  which  necessitates  it  to  act  as  it 
does,  and  the  object  of  oil  its  unceasing  activities.  That 
such  a  senuble  exemplar  is  not  impossible,  the  common  lan- 
guage of  mankind  assures  us.  For  we  speak  of  our  mind 
bring  moved,  expanded,  elevated,  depressed,  acute,  rigid> 
soft,  &C. ;  these,  end  all  our  natural  qualifications  of  mind, 
being  in  fact  borrowed  from  some  felt  similaiity  between  the 
action  of  matter  and  of  mind.  Nothing  can  be  urged  by 
reascm  or  philosophy  against  the  hypothecs,  that  the  visible 
universe  ia  a  model  of  the  invisible;  and  (bat,  from  the  ob- 
aerved  laws  and  tendent^es  of  the  former,  the  Uiws  and  ten- 
dencies of  the  latter  may  be  learned.  It  lias  been  shown, 
that  the  atomic  universe  is  posterior  in  pmnt  of  or^in,  and 
inferior  m  point  of  nature,  to  mind.    IV  wonderful  aim- 
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plidtjr^  harmony,  and  paralldian,  whidi  we  find  in  all  other 
things  favour  the  idea  now  suggested,  and  there  is  no  reasoa 
why  we  should  not  inquire  if  it  be  so.  Moreover,  if  it  be 
found,  that,  by  the  application  to  mind  of  those  laws  and  ten- 
dencies by  which  it  has  been  maintained  that  the  action  of 
matter  is  governed,  we  are  able  to  explain  the  laws  and  ten- 
dencies of  mind,  a  very  strong  argument  is  established  that  I 
am  right  as  to  both.  For  it  is  incrediUe  that  two  such 
things,  unless  both  were  true,  should  agree  with  each  other. 

According  to  the  views  which  have  been  unfolded  in  the 
preceding  parts  of  this  work,  the  modes  of  the  action  of 
matter,  which  conust  in  movements  developing  forms,  a  new 
kind  of  motion  being  proper  to  each,  are  occasioned  by  three 
influences,  and  condst  in  imitations  of  three  things. 

1.  The  nascent  or  active  substance,  in  every  sucoesnve  mo- 
meat  of  its  existence,  imitates  itself  as  it  existed  in  a  preoe- 
ding  moment 

8.  It  imitates  or  tends  to  assume  the  forms  and  actions  of 
surrounding  bodies.  , 

S.  It  imitates  or  tends  to  assume  the  tom  of  the  sphere 
the  most  perfect  and  universal  form. 

In  consequence  of  the  first  of  these  influences,  specific 
character  is  maintiuncd  through  the  whole  of  its  existence. 
When  the  second  or  third  prevul  over  the  first,  its  indivi« 
duality  is  destroyed.  This  specific  imitation  may  be  exempli^ 
fied  by  the  instance  of  the  development  of  a  crystal.  Where- 
ever  a  molecule  is  deposited,  immediately  afterwards  another 
is  deposited,  as  an  image  of  the  first,  according  to  the  laws  of 
polarity,  that  is,  not  in  a  parallel,  but  in  an  inverse  or  sym- 
metrical position.  Were  molecules  thus  to  be  deposited  in 
two  series,  the  second  series  consisting  of  images  or  imita- 
tions of  the  first,  the  first  being  determined  to  their  portions 
as  images  or  imitations  of  those  which  were  aggregated  be- 
fore, without  any  collateral  infiuences,  then  the  growth  of  a 
crystal  would  connst  merely  of  layer  after  layer  around  the 
nucleus  which  was  the  focus  of  aggregation.     There  would 

u  m 
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toM  maAk  tUng  as  ftrnduMMd  mA  MiMMidtoy  ftrnv^' «» 

flM  vvbliitioii.    TIm  giowdi  i£  a  cr^nrtdfew  »  Mhfli^  ittl!#iw 

dttdlwould  only  conaiit  in  an  enlargement  df  thtt  fmnaameb. 

tdi  ibm  or  emiirja    But  the  maceftt  ftttt»  f4nki  iWiirtitiiifc 

ifa  own  prior  Btetes,  ia,  ftmn  Ihe  iMoveMd  fiMftfilM^ 

^lleiv  atodlMl  it,  ab»  cAritruntd  to1itdtaW«  taad  tuaiiii 

Aeiq^lwnkU  ibnn,  wluch  it  is  anMed to  dk>  V  *tftiimiWi 

tfob  of  equitorid^  and  polar 'atatM  in  ita  ftabfil*  ntaMr,«r 

trtett^rbeodledSplMrophetowiRtt^^    HenoeitirgniMli 

oattflMts  of  a  real  etoIuUon,  in  which  to  pr^-eiiating  ftnii  ia 

never  completely  repeated  b  any  aooceedhre  period  of  )li 

giMrlfa,  bat  only  eo  ttadi  Of  it  as  piesefyes  Its  indJTidmihy 

or  spedfie  eameneito.    *Wtre  the  mdeciiles  snoeesrivd^*  ag^ 

gregating  to  ibnn  a  nudens,  inlocnoed  hy  nothing  dae  but  a 

dctanitatfaMi  to  assmne  pusitioiu  whioi  might  connnna  Aa 

Bttitily  of  ^hl$  individnaly  a  snnpia  aondy  or  one  ooanpaBea  of 

bomogeneooiimaleciiles  and  of  sendble  magmtudey'n^^ 

Jba  ^^MMKiteal    DoHngits  inbrcmetit,  it  oouM  only  u6  fHrteiwefl 

in  length  or  in  breadth^  or  in  both,  but  Hoi  in  AMb6  dbaeD- 

rfons,  length,  breadth,  and  Ihiciuiest  at  the  same  Aw.  Hence 

*  masses  in  which  the  specific  diaracter  is  most  sthmgly  deler- 

inhied,  and  whose  growth  is  determined  chiefly  by  selEimita- 

lion,  most  tend  to  be  composed  of  a  heterogeneous  tissue  of 

fibres  and  lanrin«.     The  spheropberous  influence  acting  on 

aggregating  molecules,  is  like  a  compressing  force  bending 

round  fibres  into  circles,  folding  up  laminse  into  parallelopipedfi;, 

and  covering  every  plain  face  with  a  pyramid.     It  is  dds 

which  ^ves  strengdi,  duration,  and  unity  to  the  naaoent  or 

Active  body. 

But,  besides  these  two  influences,  there  is  a  third  to  wliich 
this  body  is  subject,  and  that  is,  to  imitate  surrounding  ones. 
By  this  a  social  and  harmonious  aspect  is  given  to  a  group 
that  have  grown  up  together.  The  form  of  a  crystd  receives 
a  modification  from  the  rock  out  of  which  it  grows.  Hfvj 
natural  object  is  always  found  in  keeping  with  the  other  ob- 
jects  and  conditions  of  phjrsical  existence  around  it,  and  the 
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by  which  such  a  state  of  things  shall  be  sustained 
caa  oflea  be  traced.  Thus,  on  a  meagre  meadow  the  herds 
soon  become  meagre  too,  or  imitate  the  state  of  the  meadow, 
and  the  mechanism  by  which  this  law  is  f ulfiUed,  is  obviously 
that  of  the  assimilating  and  excretory  function  continuing  to 
operate  under  a  deficient  supply  of  crude  matter  received  into 
the  system.  This  is  mentioned  merely  to  show  that  we  are 
not  to  legoccd  the  phenomenon  of  imitation  as  more  myste- 
rious than  others,  but  that,  like  others,  it  is  accomplished 
sometimes  by  an  apparatus  which  we  can  trace,  sometimes 
without  any  intervening  mechanism  to  be  discovered  by  ui. 
Thus  it  may  be  said  that  the  continuous  identity  and  spedfic 
character  of  an  individual  depends  on  actions  which  are  self- 
imitations  repeated  in  successive  moments  of  increment ;  its  so- 
cial character  on  actions  which  are  imitations  of  surround- 
ing  individuals;  and  its  ultimate  character  upon  actions  whidi 
are  imitations  of  a  perfect  species  which  is  universally  preseptp 

Is  this,  then,  a  vhiMe  exemplar  by  which  we  may  learn 
the  nature  of  our  mind^s  laws  and  tendencies,  and  the  struc- 
ture of  things  which  are  invhiblc,  and  therefore  unfit  for  be- 
ing perched  upon  at  once  as  objects  of  knowledge? 

In  the  existence  of  a  perfect,  supreme,  universal,  and  im- 
mutable Mind,  and  of  active,  changing,  subordinate  minds, 
we  have  all  the  elements  necessary  for  rendering  the  investi- 
gation reasonable.  Nay,  the  very  statement  of  the  bare  ele- 
ments of  the  two  classes  of  phenomena,  starts  at  once  a  very 
obvious  similarity.  Further,  that  there  is  such  a  tiling  as 
imitation,  both  conscious  and  unconscious,  amoqg  animated 
beings,  is  most  notorious.  Therefore,  prima  faciei  there  is 
nothing  whatever  opposed  to  the  investigation ;  but,  on  the 
other  hand,  every  tiling  is  favourable.  It  will  be  observed 
that  I  use  the  word  irnitcUion  merely  to  express  the  act  of 
repeating  a  state  or  mode  of  existence  more  or  less  perfectly, 
which  has  been  previously  developed  in  the  individuaPs  self 
or  in  some  other  individual.  There  may,  on  the  part  of  one 
animal,  be  a  great  deal  of  imitation  of  some  other  animal, 
without  the  former  setting  about  the  imitation  with  a  coq- 

M  m  S 
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sdous  wish  to  imitate,  or  acquiring  any  knowledge  whatevo*, 
when  the  act  of  imitation  is  over,  that  it  has  been  occupied  in 
imitating. 

The  knowledge  that  we  are  imitating  is  almost  always 
veiled  from  us,  often  by  most  beautiful  devices^  as  will  after- 
wards appear  when  speaking  of  Beauty,  but  the  action  is  not 
the  less  on  that  account  a  true  act  of  imitation.  The  extent 
to  which  mutual  imitation  takes  place,  even  while  there  exists 
at  the  same  time  a  strong  specific  character  in  every  indivi- 
dual, and  most  generally  a  strong  wish  to  avoid  imitation,  is 
beautifully  seen  by  the  traveller  who  crosses  a  number  of  na» 
turd  frontiers  in  a  short  time.  Each  group  of  men  and  wo- 
men which  constitute  a  community  are,  in  their  modes  of  action, 
and  very  much  also  in  their  personal  appearance,  character- 
ized  by  a  general  sameness,  arising  from  a  general  imitation. 
In  one  quarter  we  find  the  most  ridiculous  practices  and  ges- 
tures gone  about  by  every  one  as  matters  of  course,  as  to  the 
history  and  meaning  of  which,  any  individual  interrogated 
knows  no  more  than  that  it  is  a  habit  among  the  people  of 
which  he  is  one ;  and  any  one  who  proposes  to  act  reasonably 
and  avoid  following  the  general  imitation,  has  an  unpleasant 
feeling,  not  only  in  being  thought  singular,  but  in  being  sin- 
gular.  Man  has  not  individuality  and  intelligence  enough 
in  a  state  of  society  to  subdue  the  apishness  of  his  sensorium, 
as  one  may  sometimes  see  a  listless  monkey  lying  snugly  in 
an  agreeable  warmth,  when  in  a  manner  drowsing  in  comfort, 
yet  with  its  mind  a  little  active,  imitating  the  movements  of  our 
hands,  arms,  and  feet,  if  not  involuntarily,  at  least  without  a 
wish  or  an  effort  of  attention ;  so  men  do  constantly  and  involun- 
tarily imitate  each  other,  not  in  yawning  and  other  muscular 
movements  of  the  respiratory  system  only,  but  in  movements 
of  the  voluntary  parts.  Sympathy  is  a  name  by  which  some 
suppose  that  they  express  the  cause  of  this  phenomenon  ;  but 
it  is  chiefly  the  phenomenon  itself,  the  imitation  accomplished 
or  attempted,  to  which  our  argument  now  relates.  A  volume 
might  be  written  on  this  subject ;  but  enough  has  been  said 
to  shew  that  Imitation  does  exist  as  an  inherent  tendency  in 
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our  nature,  and  the  nature  of  animals  more  or  less  similarly 
oonstituted.  Let  us  endeavour  to  discover  whether  the  phe- 
nomena of  mental  action  be  not  invariable  imitations,  conduct- 
ed under  three  influences  exemplified  in  those  by  whidi  ato- 
mic action  is  conducted. 

Mental  action  is  indeed  very  diflerent  finom  atonuc  action, 
yet  not  so  absolutely  incommensurable  that  the  mind  is  un- 
able to  discover  any  relationship  or  parallelism  between  the 
several  phenomena  of  the  two  classes.  In  fact,  though  it  is 
inconceivable  that  cogitation  can  be  an  act  in  which  any  thing 
changes  place  or  moves,  yet  the  succesmveness  of  the  different 
parts  in  a  process  of  cogitation,  institutes  a  resemblance  between 
it  and  motion,  strong  enough  to  be  felt  by  the  mind.  The 
new  form  and  vdume  of  mind,  as  it  were,  which  we  possess 
in  the  moment  during  which  we  exist  under  emoUon,  makes 
us  feel  it  not  absurd  to  compare  an  emotion  to  an  expansion 
or  shrinking  without  locomotion ;  while  the  diflRsrent  emotions 
might  be  conceived  to  bear  to  each  other  an  analogy  somewhat 
like  that  which  different  forms  do  to  each  other.  I  donotsay 
that  it  is  not  absurd  to  conceive  an  analogy  between  the  two 
classes  of  phenomena,  those  of  mind  and  of  atomic  bodies ;  but 
only  that  it  is  not  absurd  to  conceive  a  certain  resemblance  or 
parallelism  in  the  two  classes  of  things,  each  individual  in  each 
class  having  to  the  succeeding  one  the  same  analogy.  There  is 
strictly  no  analogy  between  the  two  classes,  but  only  a  resem- 
blance arising  from  the  corresponding  phases  of  two  analogies. 

Were  I,  according  to  the  beau  ideal  of  Linn^*  (not  to  use 
more  than  twelve  words  in  characterizing  any  species),  to  at- 
tempt to  comprise  the  most  eminent  features  of  mind  within 

*  There  is  lets  occaaion  for  ridiculing  this  hncy  of  Linni,  than  there  ia 
inr  lamenting  that  ao  much  of  the  PhUosopliia  Botanica  b  neglected  b j  manj 
modem  methodista.  Naj,  the  admirable  remarka  which  accompan j  the 
paasage  alluded  to,  do  more  than  atone  for  the  conceit  of  fixing  upon  a 
given  number  of  words  for  a  specific  character.  ^  Pulchritudo  artis  brevi- 
tatem  expoacii,  nam  quo  simpUdus  eo  etiam  et  mdiua,  et  stultiun  est  fiioere 
per  plura  quod  fieri  potest  per  pandora ;  NatOfm  etiam  ipsa  compendiosia* 
alma  eat  in  omni  sua  actione.**.-J'MA  BoL  p.  8S8. 
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to  Binilll  a  compass,  I  would  say  that — mind  is  a  senstiTe  and 
perceiving  change-seeking  essence,  happy  iti  the  changing,  and 
uneasy  when  change  is  prevented. — SensibiRh/  is,  as  it  weife^ 
the  vital  principle  or  cause  of  the  mind's  activity.    Evay  state 
of  sensibility  has  a  certain  change,  either  corporeal  ormentdy 
as  its  sequence,  by  the  accomplishment  of  which  that  state  of 
sendbiUty  is  transformed,  and  a  new  state  is  developed^  btv* 
ing  a  new  change  proper  to  it.     When  the  change  pTx>per  to 
any  state  of  sensibility  is  prevented,  the  mind  is  detected  to 
be  in  a  state  of  dissatisfaction  or  uneanness.    This  drsoovery 
is  made  by  consciousness^  or  the  mind*s  power  of  knowing 
its  own  states,  a  perception,  which  is  confined  to  numb  only 
of  the  superior  orders,  whose  own  preceding  states  are  thus 
viewed  by  the  mind  in  the  present  moment  of  its  existence  in 
the  place  of  external  objects.     Minds  of  more  Kmited  com- 
pass are  capable  of  pefceiving  such  objects  only  to  are  truJy 
external  to  them,  and  not  themselves  in  pre-existing  states. 
Without  denying  any  thing  that  ^sop  meant  to  teadi,  per- 
haps  it  might  be  maintained,  that  if  all  animals  bad  speed, 
only  a  very  few  terrestrial  species  would  think  of  inventing  a 
pronoun  of  the  first  person.     The  song  of  a  lark  or  a  night- 
ingale is  as  fully  expressive  of  the  sensibilities  and  perceptions 
existing  in  its  mind  during  its  song,  as  the  language  of  a  man 
is  of  his  mind  during  the  time  be  speaks.     The  state  of  sen- 
sorial or  corporeal  activity  sought,  viz.  the  song,  issuing  im- 
mediately out  of  the  internal  song-seeking  stale  of  sensibility 
existing  in  the  bird  at  that  moment,  prevents  other  subordi- 
nate, collateral,  and  aberrant  states  of  mental  activity,  inclu- 
ding perceptions  suggested  from  within,  consciousness,  and  all 
sorts  of  knowledge  whatever.     All  those  states  of  mental  ac- 
tion which  either  constitute  cogitation  or  the  materials  of  cogi- 
tation, are  merely  interludes  between  the  acts,  taking  place 
while  a  curtain  has  fallen  between  some  state  of  sensibility 
and  the  physical  change  which  is  its  natural  sequence.     The 
various  perceptions  which  are  in  man,  in  these  circumstances, 
apt  to  strike  up  a  collateral  and  simultaneous  origin,  are,  as  it 
were,  the  different  instruments  in  the  orchestra,  each  having  a 
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nunrcfa  of  its  own,  according  to  the  atme  general  laws  of  har- 
mony ;  yet  many  of  them,  taken  by  themselves,  making  sad 
and  absurd  music,  and  destroying  the  composition  as  often  as 
they  are  suffered  to  depart  from  their  sereral  places  of  juat 
relationship  and  subordination. 

These  remarica  are  enough  to  render  obrious  the  distill^ 
tioD  often  made  between  two  modes  of  action  ascribed  to 
mind,  the  instinctive  and  cogitative  or  rational.  The  instins- 
tive  action  of  mind  consists  in  states  of  senability  foUowed 
hard  by  thor  proper  change  or  dianges  in  the  animal^s  exter- 
nal dicumstances.  The  cogitative  action  of  mind  consists  in 
slates  of  sensibility  followed,  not  by  voluntary  movements,  but 
by  perceptions  or  ideas  giving  rise  to  new  states  of  lensifaOi^ 
of  different  qualities,  some  of  them  preferable  to  odiers;  and 
reason  consists  in  selecting  and  preferring  those  whidi  are 
lelt  to  be  best,  or  apply  themselves  most  cordially  to  the  na- 
ture of  things.  One  perception  prrferred  awakes  the  new 
perception  which  is  its  sequence,  and  thus  the  train  of  peroep- 
lions  goes  on  till  some  one  is  developed  d  a  nature  calculated 
to  give  rise  not  to  another,  but  to  a  voluntary  movement.  Eadi 
perception  or  idea  has  indeed  a  peculiar  state  of  sensibility  as  its 
substratum,  which,  as  well  as  the  perception  itself,  may,  in 
many  cases,  booome  an  object  of  the  mind^s  consideration.  But 
it  always  happens,  sooner  or  later,  that  a  perception  is  da- 
▼doped  in  the  train  which  awakes  an  emotion  having  for  its 
olgeet  sensorial  or  embodied  action,  upon  which  the  rational 
mind  is  rendered  instinctive  again,  and  fit  for  changing  its 
external  circumstances,  as  happened  in  the  instinctive  mind 
at  once,  without  this  tedious  and  hazardous  process  of  cogi- 
tation. 

We  see,  then,  that  mind,  as  known  to  us,  has  two  very 
distinct  epodis  of  development,  the  second  of  which  is  merely 
a  lepetition  of  the  first,  with  this  diffin^nce,  that  the  materiak 
among  which  the  mind^s  sensibilities  take  effect  are  different. 
In  the  first  or  purely  instinctive  apoehy  these  materials  are 
sensibk  realities,  either  the  surroui4fai|(  m-ganisation  or  the 
external  world;  in  the  second,  these  asaterialsare  not  seasUe 
realities,  but  only  ideas  or  peroeptioos  of  such,  not  oecsfsarily 
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chasgMeeknig;    It  is  happy  in  changiag  itseadsling^iilliftei 
•Mdynwhece  Taxioiis  diaages.ape  posabla^  it lalitaj^ preAn 
Aat  whi<A  idiores  its  esustingwiuit  most  peifiHstlfyier  Bakea 
it  moot  happy. .  This  it  does,  not  fay.  any  oogptaahMidriBlSF- 
lud  coopaneo  of  various  peroeptioBs  araing  ia  ila  adidj  mA 
JwviDg  its  own  haflurds  or  advantagat  #hioh  are  Judged  of  by 
the  bec^  but  by  aooomplishiDg  those  Toluntazy  moveoiMts  iss- 
^mediately  demanded  by  the  diffisrent  states  of  its  feeSng  in  Vm- 
.rious  regions  of  the  garden,  which  are  induced  by  the  prazi- 
mity  of  various  flowers,  sunshine  or  shade,  heat  or  cold.    It 
flies,  because  an  uneasiness,  existing  when  it  is  at  rest,  is  re- 
placed by  a  feeling  of  pleasure  when  it  is  on  the  wing;  and  this 
way  or  that  way  whither  the  feeling  always  ifMneOaii  is  a 
•sensation  of  most  vivid  gratification.     It  pursues  its  course 
towards  this  flower,  and  not  towards  that  other  flower,  because 
the  ur,  or  rather  perhaps  the  radiant  medium  around  this, 
acting  on  its  expanded  sensorium,  intoxicates  it  more  fiilly 
than  the  medium  around  that    Arrived  at  the  flower,  by  die 
harmony  of  things,  it  flnds  honey  there.    At  meeting  andi 
an  accident,  the  little  thing  becomes  mad  with  delight     It 
buszes,  squeeees  iny^sMlows,  and  sips,  as  if  it  bad  never 
tasted  honey  all  itSr^lUb  before.    Having  emptied  the  nec- 
tary, it  finds  no  happiness  in  remaining  longer.    It  is  change- 
seddng  again,  and,  guided  as  before,  it  niters  as  it  w«« 
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upon  a  new  life  again^  without  atber  anddpaUoo  or  me- 
mory to  ooeanon  diaappoiBtment  or  rekxation  of  its  acti- 
Yitiea. ,  It  pluogea  into  another  blossom,  busxesy  squeeaes  in, 
swallows  and  aips»  and  then  flies  away.  -  Its  life  is  thus'  de- 
tenmnedy  and  its  body  guided  in  its  wanderings,  by  a  sense 
which  corresponds  to  our  respirailory  sense  more  nearly  than 
any  of  the  four  proper  to  the  enoephalon.     I  do  not  mean  to 
say  that,  the  bee  is  blind,  or  that  it  has  the  sensaticHi  of  black- 
ness as  it  flies  along.     Its  eyes,  though  certainly  most  uiAt 
tor  aooomfdishing  the  optical  refractions  by  which  the  percep- 
tions of  the  forms  and  distances  of  external  objects  become 
possible  in  our  minds,  evidently  indicate  that  they  are  con- 
struoted  in  relation  to  the  medium  of  Ught,  and  no  doubt  are 
very  valuable  organs  of  sensation.     But  to  suppose  that  these 
oi^gans  give  the  bee  perceptions  of  the  visible  distance  and 
iannB  of  objects,  would  probably  be  no  nearer  the  truth  than 
to  say  that  the  insect  was  blind.    A  bee^s  ejts  seem  to  con- 
sist of  a  number  of  pyramids  filled  with  radiant  matter,  and 
united  at  their  iqpices  to  a  principal  nerve.     When  the  bee'*s 
eye  fronts  a  ctdoured  object,  its  previously  existing  state  must 
be  changed ;  and  how  far  the  sensation  or  change  in  its  state 
of  sennbility,  induced  by  colour,  may  be  its  guide  in  deter- 
mining the  directions  in  which  it  is  to  fly,  it  may  be  possible 
to  discov^.    But,  upon  the  whole,  it  would  perhaps  be  more 
accurate  to  conceive,  that  the  sense  by  which  a  bee^s  life  is 
guided,  is  like  that  by  which  a  man  should  be  guided  who  lived 
in  light  where  no  definite  objects  were  present,  and  moved 
through  different  atmospheres,  some  common  air,  some  hy- 
drogen, some  vital  air,  some  air  mingled  with  carbonic  add, 
some  intoxicating  gas,  each  atmosphere  emanating  from  one 
aperture,  and,  according  to  the  pleasantness  or  uneanness 
which  its  respiration  occasioned,  containing  a  greater  or  less 
quantity  of  the  things  good  for  maintaining  life  around  the  ap- 
erture whence  the  air  emanated.   In  purely  instinctive  aquatic 
animals,  this  respiratory  sense  is  Hsplaced  by  the  sense  of  smell- 
ing, or  rather  we  should  say.  by  tiitipg,  since  smdling  in  a 
liquid  medium,  that  is,  deriving  a  sensation  from  the  presence 
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of  foreign  particles  in  a  liquid,  is  strictly  tasting;  and  in 
perfect  species  we  iSnd  this  sense  maintaining  its  groqnd/lgsftnMt 
the  eye,  even  when  the  latter  has  a  very  perfect  org^niyition, 
which  shews  plainly  enough,  how  Uttle  power  the  nund^  !«ven 
of  a  pointer  dog,  has  of  forming  and  oontrasdog  ideas  or 
perceptions,  compared  with  its  disposition  to  woy^  in  pbe^ 
ence  to  changes  in  its  sensibility,  most  truly  of  tbc^  inatljns- 
tive  class ;  for  the  sense  of  smelling  by  which  the  dog  ia  so 
wilKng  to  be  guided,  only  produces  states  of  sensibility  which 
have  a  sort  of  pleasing  or  painful  delirium  in  them,  but  no- 
thing calculated  to  awaken  or  sustain  a  train  of  thought.  I 
by  no  means  intend  to  assert,  however,  that  many  inferior  ani- 
mals are  not  rational  as  well  as  instinctive.  To  deny  dm  is 
to  make  a  most  abortive  attempt  to  exalt  human  nature,  ^nd 
to  mistake  its  true  differential  character.  It  is  admitted  that 
other  animals  as  well  as  man,  are  capable  of  those  mentid  aeCs 
wherein  cogitation  consists,  yet  their  mental  constitutiQn  dif- 
fers in  kind  as  well  as  degree,  from  that  of  man  ;  and  to  ren- 
der this  manifest,  it  is  only  necessary  to  attend  a  little  to  the 
constitution  of  human  nature. 

Man  is  quite  capable  of  existing  in  instinctive  states  of  en- 
joyment or  uneasiness,  perfectly  similar  to  those  of  the  bee,  his 
whole  mind  being  occupied  in  moving  his  body,  or  in  pos- 
sessing a  certain  state  of  sensibility,  which  is  the  cause  of  that 
motion.  Almost  every  morning,  when  we  awake  from  sleep, 
we  move  some  voluntary  muscles  before  we  have  become  sen- 
sible either  of  our  own  existence  or  that  of  any  thing  else. 
An  act  of  mind  has  been  accomplished  unnoticed  and  un- 
known by  us,  yet,  doubtless,  this  movement  had  a  cause,  and 
that  cause  could  be  nothing  else  than  an  uneasy  state  of  sen* 
sibility,  gratified  by  accomplishing  a  change  in  our  position. 
Nor  are  such  states  of  mere  feeling,  without  accompanying  co- 
gitation or  knowledge,  confined  to  torpid  states  of  the  mind. 
Not  sleep  only,  but  bliss,  begets  oblivion,  into  whose  moments 
consciousness  and  memory  dare  not  penetrate.  As  there  is 
only  a  certain  range  in  the  state  of  the  radiant  medium  which 
is  fit  for  visi  on,  and  light  too  strong,  as  well  as  light  too  weak 
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leaves  us  unable  to  see  external  objecUi ;  ao  there  is  only  a  cer- 
tain range  in  the  state  of  our  sensibilities  which  is  fit  for  be- 
ii^  aooompanied  with  reflection  on  what  is  going  on. 

But  states  of  engrossing  feeling,  or  of  introverted  percep- 
tion, are  very  precious ;  they  are  to  the  mincl  like  vista>points 
to  the  traveller,  on  which  he  reads  a  legend  tnaeribed  by  some 
former  pilgrim ;  and  as  it  would  be  better  to  be  borne  between 
such  stations  on  eagles*  wings  than  on  mules,  so  b  it  good  not 
to  be  always  occupied  in  reasoning  and  doubting,  provided 
that,  by  speeding  our  cogitations,  we  do  not  run  the  hasard 
of  deviating.     Now,  so  admirably  is  the  mind  constituted  in 
reference  to  enj<tyment,  that  if  we  start  from  a  state  of  feeling 
which  is  true  happiness,  and,  when  the  mind  seeks  change, 
travel  on  in  the  train  of  reason  in  the  same  direction,  the  next 
state  of  feeling  at  which  we  arrive  will  be  happiness  again, 
of  the  same  quality  as  the  first.     By  speeding  our  cogitative 
prooeesea,  then,  to  the  extent  which  a  just  peroeptian  of  truth 
permits,  we  gain  the  greater  number  of  lasta-points  in  our 
day,  and  are  more  happy  without  suflTering  any  loss.    But, 
let  it  be  remarked  that  this  relationship  between  emotions, 
l^bidi  makes  all  the  members  of  a  series  to  be  happy  or  un- 
happy when  all  are  developed  by  the  just  process  at  peroep- 
tioD  lying  between  them,  and  extended  in  the  same  direc- 
tion, does  not  so  much  arise  from  any  thing  in  these  peroep- 
tions,  as  ftom  a  continuity  in  die  absolute  state  of  the  mind, 
flpustafawd  in  thoR  successive  times  of  action,  the  poxseptiaiia 
being  merely  wings  of  truth  bearing  it  on,  and  sufifering  it  to 
expend  into  an  emotion  of  delight  as  often  as  truth  finds  a 
resting-place.    This  flight,  however,  is  rendered  necessary 
4iafly  because  every  spot  of  earth  is  not  a  restmg-place  Ibr 
truth.    Hence  the  mind,  when  it  is  not  pressed  by  mg^mc 
mtsmities,  and  when  the  habit  ctf  forming  febe  perceptions  of 
llitfligs  has  been  subdued,  must  become  almost  a  continaovs 
eurrmt  of  happbess,  cogitation  (or  a  mixture  in  the  mind  of 
truth  and  error,  ef  happy  and  disBgrtasMe  fiseling)  beii^  m. 
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perseded  by  the  intrusion  of  error  being  pcevented.     This  hi 
a  state  of  things,  however,  very  different  from  that  ^hich  the 
necessities  of  human  life  commonly  demand.    Beaacmt  like 
gravitation,  is  something  to  which,  at  the  surface  of  this  earthy 
we  must  have  constant  respect,  else  we  stumble  and  Cdl. ,    It 
is  a  sense  in  the  mind  not  less  precious  than  an  eye  in  the 
body ;  yet  as  it  is  only  because  the  mind  dwdls  in  darkness 
that  an  eye  is  of  any  use,  so  is  it  only  because  the  mind  dwdls 
in  ignorance  of  truth  that  reason  is  of  any  use.     Reason  is 
only  the  means  of  attaining  an  end,  viz.  the  development  of 
a  certain  state  of  sensibility  which  is  denominated  happineas^ 
and  the  only  value  of  reason  arises  from  the  value  of  bappi* 
ness.     If  true  happiness  could  be  attained  in  greater  quantity 
without  the  use  of  reason,  than  by  its  use,  reason  ought  to  be 
made  to  give  its  place  to  that  mental  occupation  which  gave 
more  true  happiness.     But  in  the  present  circumstances  at 
our  existence,  this  cannot  possibly  be  done.     Bight  happiness 
can  only  be  obtuned  by  a  discovery  of  truth,  and  by  poaaess- 
ing  a  mind  stored  with  truth ;  and  truth  can  only  be  diacover- 
ed,  and  the  mind  stored  with  it,  by  the  use  of  reason.     Hence 
reason  is  altogether  invaluable.     Yet  if  these  views  be  just,  it 
18  only  good  in  so  far  as  it  gives  rise  to  internal  goodness, 
which   is  the  only  genuine   substratum  of  true  happiness. 
Science  is  but  a  human  attempt  to  gain  knowledge,  and 
knowledge  is  only  memory,  which  is  a  fleeting  thing ;  but 
goodness  is  a  state  of  the  mind'^s  essence  spontaneously  per- 
manent when  once  it  has  been  established,  a  state  €ff  the 
mind^s  essence  in  which  true  happiness  naturally  swells  up 
as  often  as  the  mind  is  not  too  bu^y  occupied  on  external 
things  to  feel  its  own  existence.     But  what  are  happiness  and 
misery  ? 

Trtie  happiness  is  the  best  state  of  feeling,  and  there  can 
be  no  doubt  that  it  results  when  our  mental  activities  are  con- 
ducted in  harmony  with  our  whole  nature,  that  is,  when  all 
graufications  are  sought  and  esteemed  in  that  degree  only 
which   corresponds    to  their  several    ranks  as    proceeding 
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from  various  parts  of  unequal  eminence,  in  constituting  that 
one  thing  wherein  the  unity  of  man,  or  the  system  of  human 
natuite  consists.  Upon  every  occamon  when  we  feel  gratified, 
sonsething  has  happened  within  us  which  has  exalted  one  pait 
of  oor  nature  or  other.  Yet,  in  these  circumstances,  it  n  vety 
possible  that  our  nature,  as  a  whole,  may  have  by  diat  existii^ 
gratification  been  violated  and  degraded,  because  an  undue 
quantity  of  action  may  have  been  employed  about  the  evoltt- 
tion  of  an  agreteble  feeUng  of  an  inferior  rank,  or  an  exi^ge^ 
rated  value  may  have  been  attadied  to  that  feeling,  and 
thus  a  deterioradon  of  our  capacity  for  superior  enjoyment 
may  have  been  sustuned  by  the  sweep  which  a  subordinate 
thing  has  been  made  to  take  of  our  whole  constitution.  The 
gourmand  at  a  sumptuous  table,  has  more  gratification  in  eat- 
ing than  a  plain  man  with  a  plain  dish  before  him  ;  and  if  all 
our  nature  consisted  in  that  set  of  sensibilities  named  Tastes, 
with  a  suite  of  perceptions  confined  exclusively  to  didies,  the 
gourmand  would,  by  his  greater  enjoyment,  indicate  that  lie 
had  exalted  his  nature  more  than  the  plain  man,  who,  during 
the  time  of  his  meal,  perhaps  neglected  the  accompanying  sen- 
sibilities named  Tastes  altogether,  his  attention  bemg  di- 
rected to  other  things.  Yet,  most  probably,  the  gourmand 
has  degraded  his  nature,  as  a  whole,  more  than  the  plain  man; 
because  tastes,  and  the  perceptions  of  dishes,  make  up  but  a 
very  subordinate  part  of  our  nature  in  its  length  and  breadth. 
This  bdng  kept  in  view,  no  one  will  find  occasion  to  deny 
that  agreeable  feelings  are  indications  that  some  faculty  or 
other  of  our  nature  is  exalting  itself,  or  that  some  event  han 
just  taken  place  conformable  to  something  or  other  in  our  con* 
stitution.  Yet,  it  may  be  very  true  that  many  states  of  agree- 
ableness  are  justly  entitled  to  the  name  of  unnatural,  beoaude 
they  are  disproportionate  to  our  whole  nature*. 

Misery  is  an  indication  that  something  in  our  constitution 
is  lacerated.  If  the  laceration  is  being  healed,  the  misery  be- 
comes aii  uneasiness,  which  diiTcrsfrom  the  former  in  this,  that 
it  always*  concentrates  around  the  idetf  of  something  in  i^st^ 

*  See  Butler*8  Sermons,  1,  2,  and  3,  on  Human  Nature. 
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ticular  that  oould  cause  it  t»  ceaae,  or  work  a  ome^  wluk 
miaery  U  an  indefiaite  fecUng,  whichj  without  any  olgect  but 
present  suffering,  often  spurns  away  the  suggostkm  of  a  €uie 
as  a  thing  unfit  to  be  suggested.  Thus  the  ooaslitutioii  of  a 
family  is  lacerated  when  a  son  or  daughter  dies,  or  ia  pthen* 
wise  broken  off  from  thefiamily ;  and  the  feeling  of  the  pajDents 
consequent  upcm  this  laceration  i%  at  least  for  a  time,  miaery. 
It  is  not  the  constituUon  of  the  family  only  coosidered  as  a 
group  of  individuals,  that  ia  lacerated,  but  the  constitiUioa 
of  each  parent  is  lacerated,  and  the  feding  of  the  laoeimtioB 
is  misery. 

We  have  seen  that  the  process  of  oogitation,  that  is,  the  au^ 
gestion  and  exhibition  of  internal  or  unsubstantial  things  to 
the  sensibility,  which  has  a  disposition  to  prefer  certain  ideas  to 
certain  others,  is  merely  a  repetition  of  the  process  of  instinct 
in  which  external  and  real  things  are  presented  to  the  mind, 
which  has  a  disposition  to  prefer  some  to  others.  In  the  same 
way  this  phenomenon  of  internal  happiness  and  misery,  xe- 
suiting  from  cogitation,  is  merely  a  repetition  o£  the  instiBc- 
ixve  apparatus  of  corporeal  pleasure  and  pain.  Such  {Measure 
is  the  index  that  some  bodily  want  is  supplied,  and,  therefore, 
at  the  moment  when  the  pleasure  is  felt,  some  corporeal  part 
is  exalted,— though,  viewed  as  a  whole,  our  corporeal  system 
may  be  degraded.  Pain,  again,  is  well  known  to  indicate  a 
laceration  of  our  constitution  to  a  greater  or  less  extent. 

As  to  the  instincts  of  the  inferior  animals,  or  those  feelings 
which  arise  in  ourselves  prior  to  cogitation,  a  few  remarks 
may  be  made.  Feeling,  or  sensibility,  is  the  sentinel  of  the 
body,  in  which  there  is  a  sleeping  garrison,  to  be  awcdie  accord- 
ing to  the  alarm  given.  As  has  been  already  stated,  the 
lowest  action  of  sensibility  is  to  move,  or  attempt  to  move, 
voluntary  muscles ;  and  of  all  such  actions,  the  easiest  is  to 
direct  the  senses.  Thus,  to  keep  the  eye  moving  about,  is 
perhaps  one  of  the  lowest  or  easiest  actions  of  mind  ;  hence 
it  is,  that  the  movements  of  the  eye  announce  so  faithfully 
the  existing  state  of  our  feelings.  The  thing  is  done  so  easily, 
that  no  change  in  the  existing  state  of  the  mind,  whatever 
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thai  may  be,  is  required  for  this  particular  purpoae.    Waro 
it  to,  the  eye,  like  the  legB  and  arma,  would  have  a  mardi  ef 
its  own,  oonfiiied  to  a  few  regular  actioiii^  fit  tar  aooonqpliah- 
ing  the  porpoees  of  vision,  and  expreeave  of  nothiag  move* 
But  the  eye  is  so  easily  moved,  that  almost  every  mental  state 
of  any  force  throws  it  into  a  state  of  paralysis,  or  invduntary 
action  proper  to  that  state ;  benoe  ^^  the  eye  betn^  tiie 
thought  within.^    It  is  wrong,  then,  to  suppose,  that  every 
movement  of  the  eye  is  the  result  of  what  would,  with  pro* 
priety,  be  called  a  wish  to  perceive  external  objects.    Blind 
persons,  when  their  eyes  possess  a  natural  mobility,  move 
them  as  incessantly  as  those  who  see,  not  only  invariably  di- 
reoting  them  whither  they  are  attendmg,  but  suftring  them 
to  range  about,  just  because  it  is  the  nature  of  sensSnlity  to 
produce  muscular  action,  when  not  otherwise  qMcifically  en- 
gaged.     The  uneasiness  occasioned  by  the  prevention  of  this 
action  is  not  recognised  as  one  of  our  bodily  desires  or  iqipe- 
tites,  because  it  may  always  be  gcatified  at  the  moment  ef  its 
devdopraent   But  wvre  our  ejpes  somehow  fixed  up,  while  yet 
we  had  the  natural  apparatus  to  give  them  motion,  I  suppose 
we  should  soon  have  a  state  of  feelmg  as  unjdeasant  as  the 
fint  stages  of  hunger.    Analogous  to  that  which  has  now 
been  mentioned,  there  are  a  multitude  of  other  states  of  sen- 
sibility of  a  similar  nature,  and  they  have  been  treated  of  by 
physiobigists  and  metaphysicians,  because  the  change  whidi 
they  demand  is  not  always  immediately  consequent  upon  their 
first  evolution.     There  is,  therefore,  during  the  interval,  a 
partioular  state  of  feeling  instituted  which  may  be  examined. 
Since  these  feelings  are  periods  of  mental  existence,  during 
which  the  change  proper  to  them  is  arrested,  as  has  been  now 
stated,  it  fcdknrs  from  our  Linnean  character  of  mind,  that 
diey  are  states  of  uneasiness.   They  are  named  Appetites,  Do- 
sires,  Instinctive  demands,  &c.  8cc.    To  enumerate  them  all 
would  be  to  select  the  substantives  from  those  sentences  which 
describe  the  dements  of  perfect  ^^  well-cooditionedness^  of 
body.    The  more  notable  are  the  daairc  of  food,  of  warmth, 
of  sleep,  of  health,  of  sexual  union,  of  a  particular  retreat,  of 
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good  air,  of  Ugbt,  and  of  diange  or  acdoiu    This  last,  how- 
ever,  is  not  a  desire  of  a  similar  name  widi  the  otheiv  but 
the  development  of  the  mere  Gbange-aeekii^  action  of  the  niid 
caught  before  it  has  found  an  objeet.    It  is  desire  in  gtwmtAg 
of  which  the  others  are  so  many  species.    Tbes%  ond  mtty 
others  that  might  be  specified,  are  simple  states  oi  senailiililjp^ 
by  which  the  mind  is  affected  and  related  to  iia  bodyv  whish 
is  merely  an  atomic  mass,  at  all  times  subject  to  tho-aodt 
dents  of  matter,  and  constantly  tending  to  depart  fromthe  sUte 
in  which  it  exists  at  any  moment,— td'  grow  or  decay. :  .They>d9! 
not  necessarily  imply  any  consciousness,  knowledge,  or  ideas^ 
on  the  part  of  the  individual  who  has  the  desire,  butraeselj. 
a  feeling  calculated  to  change  its  organic  oixcumstaneea.    The 
whole  era  of  the  existence  of  each  includes  two  perioda,  oat 
of  uneasy  and  one  of  agreeable  feeling,  which  are  not  the 
less  entitled  to  these  names,  because  they  may  not  be  fenwin* 
bered,  judged  of,  or  described,  by  a  separate  acdon  of  the 
mind  which  feels  them.     The  latter  are  actions  of  eoptatioir, 
possible  only  to  a  few  of  the  orders  of  minds  whioh  axpcrienoe 
the  others. 

Besides  these,  there  is  another  class  of  oonser\-mtive  organic 
desires  of  a  much  higher  order,  which  relate  not  only  to  the 
present,  but  the  future.  As  the  former  arc  modifications  of 
the  desire  of  change,  so  are  these  second  modifications  of  fear, 
or  the  desire  of  safety.  By  the  agency  of  the  former,  an 
animal  is  influenced  to  determinate  actions,  by  a  demand  to 
supply  some  instant  want,  and  thus  it  hunts,  cats,  irresistibly 
dings  to  its  place  of  local  union,  or  when  its  organic  wants  are 
all  supplied,  frisks,  sings,  flutters,  or  plays.  By  the  influence  of 
the  second,  or  the  desire  of  safety,  the  immediate  actions  sug- 
gested by  the  feelings  of  the  first  class  are  contravened,  modi* 
fied,  and  permitted  only  to  the  extent  that  the  desire  of  oon« 
tinned  safety,  or  fear,  in  its  various  forms,  permits.  There 
seems  good  reason  to  believe  that  this  second  class  of  desires 
does  not  extend  far  down  in  the  scale  of  animated  beings,  and 
that  the  runaway  actions  of  insects  and  other  creatures  low 
in  cerebral  organization,  are  mere  activities  produced  by  the 
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desSne  of  a  Tetreat.  There  k,  indeed,  il6iiieChing  very  rague 
in  speaking  of  a  deflire  of  plaee,  of  a  retreat,  or  particalar  lo- 
caBtjTi  m  one  erf  the  moit  dementary  iifstincts ;  bat  phoe  ot 
lelMtt  haife  efidendy  metts  particdlnr  form  and  substance, 
and  every  analogy  would  lead  us  to  anticipate  that  eadi  Ini- 
mal  fpeeies  AoaM  havt  a  feding  of  more  perfect  ease,  sur- 
manded  by  certain  substances  rather  than  others,  and  that 
the  priMnee  <«f  oertain  things  might  make  it  very  nnessy. 

Ntyw,  many  oonser?ati?e  movements  commonly  ascrfted  to 
tmt^  or  an  spprehensioD  of  danger,  neem  to  be  nmple  actions 
of  the  desireof  a  retreat  The  hand  appioadung  an  insect 
caoses  it  to  nm  away  in  another  direction,  but  not  from  any 
apprdieaskm  which  the  insect  has  that  its  life  is  in  danger. 
This  iNHild  aigue  knowledge  of  the  nature  of  thfaigs,  whidi 
an  faiseot  eettaiidy  does  not  possess.  It  runs  because  of  a  Mt 
unfitneai  in  its  present  place,  beside  so  stnnge,  nofel,  and 
unoongenial  a  substance  as  a  human  hand.  In  what  manner 
this  uneasiness  in  the  animal  is  exdted,  we  have  no  means  of 
disDoveting.  It  would  be  most  interesting  could  we  find  what 
it  is  in  the  form  and  movements  of  a  hawk  that  aflfSsets  the 
sensifaiEties  of  a  diiek,  the  day  it  has  escaped  from  its  shdl, 
a  pemd  of  its  existence,  when  its  knowledge,  gained  by  ex- 
perienoe,  must  certainly  be  as  incoDstdersble  as  its  innate 
ideas.  Doubtless,  there  is  something  physical  and  determi- 
nate in  die  form  and  movements,  that  is,  tfie  organization  of 
a  hawk  and  the  organisation  of  a  chii^,  that  makes  the  latter 
seek  a  retreat  wh«e  the  former  is  not  present,  and  this  nu^ 
one  dmj  he  discovered.  The  fir't  step  in  the  inquiry  k  to 
cfiacover  why  some  things,  when  seen  by  us,  afl^  our  sensi- 
bility at  once  with  uneasiness  or  with  pleasure;  and  on  this 
sutgeot  some  remarks  will  afterwards  be  made.  The  feeling, 
whidi  b  the  rsdprooal  of  that  now  considered,  and  stiH  a  mo* 
dification  of  the  broad  instinct  of  collateral  attachment  of  cer- 
tain objeets  around  the  individual,  is  the  dewe  of  parents 
and  cfbpmg  to  be  beflide  each  other.  Animals  in  a.certain 
state  9eA  to  females,  as  at  other  times  they  do  to  purticular 
retreats ;  a  third  set  seek  to  their  oftspring,  as  the  second  do 

K  n 
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dea    . Yel  ao  perfeel  it  tint  ippw«tto'rf  iiMlinrt»  that  iufcb 

ifcrinhi^iiiirtj  «rMiiiil^«idga t|r^ilii|mMMi pliii»w  JMirtft 

iMOMk.  (Of  tlMi  hounie  JmtiMqb^lw^Wit^^te 
JMigiDDj^^oi^  die  fMingi  A«t-iliiMir'it*ir.  gii|iiilUp|Hmifot6 
JMi»wlMiii^  by']iuticnlftr«iet«  oFfi»miMp«r  «lMiiHiy4i'li*. 
■iwii jato  tht  Ittppfaiaw  o>^  eaier  'tf>^  %iMMii»iiilipggfce 
iMikf  in  die  codilkioe  iiiil  dm  |inmiftnjr  ilJ^  iwiitllitifiii| 
JMk7^  4Uid  of  )B«diig  tfcttbrding  16  fak  willy  ^^Itt^t^itk^imnk 
known^  if  indeed  lo  obvious  a  T^sok  of  teumio^  tkat-iuMM. 
lipon  onlj  found  in  ctTiliaed  nadon,  we  might  ttaoe-ittoti- 
fpn  to  human  wifldcnn,  vather  than  to  the  impoUtt  ^f  atfibo. 
•ngimd  deaiie.  Thb  is  very  fkr,  howeret,  hom  beings  jttst 
view  of  the  case.  On  the  other  hand,  the  deifire  of  wkSf^ao, 
Mke  other  xnsdnctB,  decreases  widi  the  derdbpnleBt  cf  ee^ 
tadve  power,  and  one  must  have  a  strong  hold  ofliiWlUtf  na. 
ture  if  he  be  oonsticudonallj  dispoMd  for  religlfA  %lltt  he 
edstB  in  very  artificial  states  of  society,  which  ^ifhetnttt-to 
hundreds  of  temporal  desires  unknown  to  Itiait)  in  wi^tMk^ 
simple  atate,  and  thoSi  as  it  were,  ooeilpy  aifdMhaiiilldl'tlfc 
-  capaci^  Ibr  widiing  upon  the  vidbte  tUbgs  tfiistt^ 
during  nmjder  statea  of  human  feeling  and  [Hin  #)Wlislf;  hi  i<l 
ageaand  nation%  aonie  iMrtand  uneaslnsss  baa  ledh«laididddi^ 
acu  of  superstition ;  and  that  sndi  a  fediayjhaxdieairtd  w^ 
ddaa  of  itligioua  bdiefvand  net  that  suck' «rtMaNM«>liie 
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origin  of  the  religiouB  emotion,  is  proved  by  tbe  tact^  that 
superstitions  are  often  found  where  there  is  no  mythdogy ; 
whiles  in  most  other  cases,  the  existing  mythology  is  so  chikU 
ish  and  absurd,  as  could  never  be  the  parent  of  any  emotion 
whatever^  and  much  lets  of  those  often  inconvenient  and 
paiofid  saCTiiiccs  cf  present  good»  to  which  savages  and  rude 
people  are  prompCed  by  their  natural  uneasiness  to  be  rdi. 
gious..  ' 

Theochir  instinct  (or  emotion  prior  to  cogitation  or  the 
diseoveiy  df  fitness)  alluded  to  as  peculiar  to  man,  is  Con- 
science, or  dMYeeling-of  goodness  and  of  malice  which  die- 
tiagm'shes  actions  bb  virtuous  and  vicious^  It  has  some- 
times been  tfetoiigbt  thai  there  is  no  such  appamtus  in  the 
buaoaof  oonstitutioni  and  that  our  dislinetions  of  actions  into 
such  as  afe  tjrtuous,  meritorious  and  good,  and  into  such  as 
are  vicitfus,  and-deserving  of  punishment,  are  merely  eonven- 
tiondl  approbations  and  disapprobations,  depending  on  edu- 
cation, Mid  tbe  accidents  of  our  particular  life.  The  only  ar- 
gttmenl  in  favour. of  this  view  which  demands  the  considenu 
tion  of  die  natoraliat,  is  the  assertion,  that  not  only  is  moral 
apprebatian-  and  disapprobaUon  oUiterated  in  some  savages, 
but  their  cMseienoe  urges  them  to  commit  crimes^  approves 
of  them  when  they  do  so,  and  iofiicts  remorse  when  they  re- 
frsmfrom  them.  '  A  reason  will  appear  in  a  few  pages  why 
consricnee^  or  the  feeling  of  that  which  is  intrinsically  good 
or  bad,  should  be  obliterated  in  the  minds  of  the  most  de- 
praved ;  but  were  it  true  that  conscience  approved  of  crimes, 
or  voluntary  actions  causing  unjust  misery,  and  disapproved 
of  goodnesi,  or  the  voluntary  act  of  diffusing  happiness,  then 
there  woidd  be  no  place  for  showing  that  man  is  exalted 
above  the  brutes,  on  the  ground  of  moral  constitution.  I  ap- 
preiledd,  however,  that  in  every  instance  where  a  savage  is 
^ged'tn  a  crime,  k  is  something  very  different  from  a  moral 
appiobatioa  of  tbe  act  whidi  leads  to  its  perpetration,  and 
that  the  issue  <)f  the  act  is  very  different  from  the  experience 
of  that  afiprabatian.  Thus,  it  is  qoite  conceivable,  that  a 
half-atarved  anddegredtod  wvage,  the 'mother  of  a  new.bom 
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a  inige  of  ooQenvable  modes  of  aoliopy  Taatly  greater  than  in 
any  of  the  lower  aniwiali.  By  a  nmpk  widi,  we  caOi  in  a 
momenl,  arrest  a  train  of  thought,  occupy  ourselves  with  an- 
other subject,  or  cause  the  mind  to  retrace  its  steps.  All 
these  phenomena,  then,  and  others  that  might  be  mentioned^ 
are  favourable  to  the  idea  that  tlie  human  mind  is  of  a  natur» 
far  more  different  from  those  of  the  inferior  Atiiyn^^V  than 
they  are  from  eadi  other.  Their  minds  indeed  have  all  the 
characters  ot  being  of  the  same  qiecies;  for,  in  every,  crea-' 
ture,  they  are  pronounced  or  active  exactly  in  the  ratio  of  the 
organisation  of  the  animal  considered.  Man,  again,  his  qw^ 
cifie  organization  remaining  the  same,  iacapable^of  exhibiting- 
extremely  different  and  contradictory  jAeDomena,  according 
to  the  influence  under  which  he  may  haj^pen  to  act 

It  has  been  already  frequently  stated,  that  most  of  our  po. 
tttive  knowledge  respecting  mind  in  general,  is  derived  fiom 
the  consideration  oi  the  phenomena  of  matter,  viewed  as 
exemplars  of  the  phenomena  of  mind.    Let  us  for  a  little 
inquire  whether  we  may  not,  by  considering  the  economy  of 
material  action,  come  to  some  knowledge  respecting  the  inti- 
mate economy  of  mental  action.     That  of  atomic  action  we 
have  found  to  consist  in  the  fulfilment  of  the  tripartite  law  of 
imitation,  in  virtue  of  which  a  body,  during  the  period  of  ite 
change  or  activity,  imitates  first  Uselfy  by  which  specifie 
character  is  sustained  ;  secondly,  surroundinff  bodies^  by 
vhich  harmony,  sociality,  and  analogy  with  other  bodies  are 
■uatuned;  and,  thirdly,  the  moH per/ici  Jbrnif  by  which  an. 
tinifann  direction  and  limit  are  prescribed  to  atomic  action^ 

Now,  the  first  of  these  influences  to  which  a  body  submits^ 

during  increment,  which  preserves  specific  sameness  in  sucoes* 

^  ve  moments,  is  obviously  an  exemplar  of  the  feeling  of  men" 

^^  identity:  For  this  feeling  depends  upon  our  ability  to 

^'Xiitate  or  reproduce,  at  this  present  moment,  a  feeling  or 

tion  formerly  experienced  by  us,  assigning  to  it,  at  the 

time,  the  place  where  the  action  repeated  first  occurred^ 

^'^^aA   is  the  mind  within.    When  we  cannot  reproduce  the 

^>^tal  state  which  existed  at  the  past  time  referred  to,  with. 
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artoditfd  perhaps  wOk  paMcukp  ^iMioss'  fl^apictibgx^fe 
ibd'defttb,  fed  vety  tinciiy  itf  cWtfa 
'  Ae  luw  eonimittid  {nfiuitiride.    ll«h'niidl  ig-.'|yian|mJiy 
|«Mfa(ihr  fceltags  tetpe^fng  Me  pMticidirrciMikireciiB^ 
dhne  biil  rflM  body,  and  liafer  a  pec^fiarrmlatidBali^rib^^^ 
jpUt  bbUm  mbid  of  a  j^lke  mother  *iii^  aboot^i  aoo «■!  Ur, 
or  die  beauty  rf  an  infimt  daiq^hter.    Both  havt' par^palu 
#Uiii  made  natural  to  tbem'  in  jpaltioidtar, 'by  .tim.'aBiadag 
itate  of  society,  ^wfaidi  it  is  tery  imeiby  aot;tO'gmtiB|r^ia0d 
the  saviigi^  when  sbe  monkts  hei^infimt^  dr  the  Smapam 
-moflier,  when' die  does  something  nUch  tnakeatheJittlaMe 
-inmt0berlfldng^obiitea  ^rdtef  bam  the  iwnawinsss  whiah 
existed  belbre^  and  pkfompted  to  die  sdish  aetkai  isoiMidend. 
But  dds  re&ef  from  prerions  nneasinessi  b  quita  «dBfirant 
'fitom  tluit  wdling  of '  the  sendbiUties  which  Gdi^ 
'%rell.oaostttuted  heart  is  punetnred  by  a  right  rf  tfiwify  or  in» 
'  jnstie^  or  its  seakd  Ibuntakis  opened  fay  behoMingiin>dh|Bct 
^'of  nkval  beauty^    In^Ab  case,  there  is  no  pnMwhring  dpsiie 
"^fliom  whUi  to  seek  fdief.    Od  the  instant  peeospttoift.of  a 
^iriSSatg  agent  intentionally  afibeting  the  senfthililMa  af  an- 
'oiher,  there  b  a  liking  or  a  didilung,  a  pleasuie^or  a  pain,  a 
Tivid  emotion  springing  up  in  the  mind,  while  perhaps  en- 
gaged in  an  arid  calculation,  or  in  cold  behaviour,  tike  a  spring 
in  a  desert,  or  a  geyser  among  snows ;  or  causing  horror  and 
detestation  to  rush  out  in  the  midst  of  pleasure  like  a  ]a?a 
torrent  among  vineyards.     Certainly,  the  exbtenee  of  con- 
science as  a  leading  feature  of  the  human  mind  osnnoC  be 
denied ;  nor  b  it  less  true  that  other  animals,  when  aeling  ac- 
cording to  their  natures,  make  no  such  distinctions  among 
their  actions. 

But  the  desire  of  religion,  invcrfving  the  idea  of  another 
state  of  being,  and  the  desire  of  virtue,  are  not  the  only  fea- 
tures in  the  human  mind  wUch  distinguish  it  from  those  of 
the  lower  animals.  Its  progressive  quality  b  a  most  remark- 
able feature;  but  thb  has  been  often  illustrated,  and  need  not 
engage  us  now.    There  b  also  in  man  a  breadth  of  agency, 
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a  mnge  of  oooeeiTable  modes  of  aolioDy  Taatly  greater  than  in 
any  of  the  lower  aniwiali.  By  a  ompk  wiaby  we  cani  in  a 
momenl,  arrest  a  tnan  of  thought,  occupy  ounelves  with  an- 
other^ subject,  or  cause  the  mind  to  retrace  its  steps.  All 
these  phenomena,  then,  and  others  that  might  be  mentioned^ 
are  fannirable  to  the  idea  that  the  human  mind  is  of  a  natur» 
hr  more  different  from  those  of  the  inferior  Atiiyn^^V  than 
they  aia  from  eadi  other.  Tbor  minds  indeed  have  all  the 
characters  o(  being  of  the  same  gpedes;  for,  in  ei^ery.crea-' 
ture,  they  are  ptooounced  or  active  exactly  in  the  ratio  of  the 
organisation  of  the  animal  considered.  Man,  again,  his  vpe^ 
cifie  organization  remaining  the  same,  ia  capable  of  exhihiting- 
eixtremdy  different  and  contradictory  jAeDomena,  ^^^^Tding 
to  the  influence  under  which  he  may  haj^pen  to  act 

It  has  been  already  frequently  stated,  that  most  of  our  po. 
tttive  knowledge  reelecting  mind  in  general,  is  derived  fiam 
die  consideration  of  the  phenomena  of  matter,  viewed  as 
exemplars  of  the  phenomena  of  mind.  Let  us  for  a  little 
inquire  whether  we  may  not,  by  considering  the  economy  of 
material  action,  come  to  some  knowledge  respecting  the  inti- 
mate economy  of  mental  action.  That  of  atomic  action  we 
have  found  to  consist  in  the  fulfilment  of  the  tripartite  law  of 
imitation^  in  virtue  of  which  a  body,  during  the  period  of  its 
change  or  activity,  imitates  first  Usdfi  by  which  spedfie 
character  is  sustained  ;  secondly,  surroutu^ng  bodies^  by 
which  harmony,  sociality,  and  analogy  with  other  bodies  are 
sustmned;  and,  thirdly,  ike  moH pef[fici  Jbrm^  by  which  an. 
unifann  direction  and  limit  are  prescribed  to  atomic  action^ 

Now,  the  first  of  these  influences  to  which  a  body  submits^ 
during  increment,  which  preserves  specific  sameness  in  sucoes- 
ttve  moments,  is  obviously  an  exemplar  of  the  feding  of  men- 
ial iitntUy :  For  this  feeling  depends  upon  our  ability  to 
imitate  or  reproduce^  at  this  present  moment,  a  feeling  or 
perception  form^ly  experienced  by  us,  assigning  to  it,  at  the 
same  tims^  the  pbce  where  the  actum  repeated  first  occurred, 
that  is  the  mind  withm.  When  we  cannot  reproduce  the 
mental  stale  whidi  existed  at  the  past  time  refened  to,  with> 


5fi6  TB£  JTKSUNO  o»  tAiMnn; 

wbidi  m  wiflh  to  comiMm  tttf^idnldtf,  iNT  niii^  dddiiate'oafi' 

obtaiiMd  by  tmcug  back  oinr  pdndbd  l^toi^  W  ^^^^ 
lime  and  place.  Bj  thii  tntiMta,  ^  ditMbir^;  nMt  j^UMU^' 
cMaintjf  our  penbnel  wmiwicil ;  out  uje  cuuVMlMttibAttiB 
it  «r  •  diffimnt  bud  ftaar  thit  which- W&HkM  ^HHitfolie^iilft' 
morf  of  pMt  eadaitDoe  Bectwio  iiHentAittt  itWiiitWiltf «P 
the  lbeUiig»irlikli  tren  deyeiopa  up^tt^tateiioia  )tiiMi4ft^ 
bend. .^Thut I fafcv t&at;  wliea a fikitleln^;  ItowHIi^kif <* 

J»,   r^    ,    iI.-LL_L_l_*        H  ff  ■■'   M  ■  ii  ■!■■  fi  J  Jam  i  iirft     ■■  ff   tI  i        i  H   1  i  ifJ  i  1 1  fr  '  ^  '"^  '^'^  *  .'IL-V J^fT 

Ob  toy  CnuBlDu      Jny  aslXaiaBlliMfltlttlMllMMnBnVT^ 

dent  ivteVao  greiC  as  to*  jiAvent  &i^^lkbllr'<^^ 
Mi^litae. '  iVbetf  I  imiufar  6a  ^tm^^mtAhy\i^}mtH 
wb,  diat  I  am  fh»  tMividiitf^iHio  me^^^  itf^te^ 

dent,  I  find  that  it  ii  triblly  eitcirimt  tt^  ^Mb^Mi^ 

denoa  am  hb  t»o^  wSkbcmrff  7^  it'  ii  dUIfaMit^lHDy 'tlfiit 
ifltintaia  tidovifldon  that  I  hki«  iof  mjrintetdi^iUHtt^  wH^ 
the  mefDory  oT'tha  peiii  nrwhieh  the  iiQuiy  teiflrfy ta  A^^ 
is  mriaed.    This  firings  the  teatttr  home  totbe'VUM^dil^ 
ftient  aspect    I  nolofa^^fafnk  of  diadnmmittahrof  Atf" 
aoddentj  or 'the  course  1  pnisued  homeward.  "^^  VbHAfeii^' 
evidence  and  pefoeptioii  of  the^  case  now  fies  Taiiwijltti  m  fcM^ 
my  thumb.'    With  ifegard^o  the  essential  identli^  oY  Ar' 
thinking  substance  within  us,  that  is  quite  another  thing;  ia^ 
dependent  altogether  of  memory,  and  of  every  thing  but  the  - 
fiat  of  Omnipotence.    The  mind  may  remain  essentially  the" 
same,  though  its  modes  of  action  were  utterly  changed,  josC 
as  a  given  number  of  particles  remain  essentially  the  aame^ 
though,  by  entering  into  new  arrangements,  the  atomic  Bggt^  * 
gate  which  they  constitute,  may  change  again  and  agsin'  its 
specific  sameness.  t* 

Another  of  the'  phenomena  of  mind  which  consists  in  adf 
imitation,  is  Memory.    That  such  is  the  mode  of  its  actioa,  ' 
is  too  obvious  to  demand  any  illustration.     The  belief  'that^ 
the  thing  pel*ceived  by  memory;  and  that  whidi  really  hap-^ 
pened  at  the  time'  and  place  referred  to,  are  the  same,  ds^ 
pends  upon  the  perfect  resemblance  of  the  ideas  constitiitingf' 
the  recollection,  and  those  which  conltituted  is  narratioQ  mare 
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or  leas  full  of  the  event  zemembeved. .  The  imyhnttiwn  otb^ 
lief,  then,  is  exacdj  the  lame  as  m  the  caae  of  menUL  identky. 
The  object  of  the  belief  only  is  differentf.  being»  in  the  case  of 
rp  the  remembering  thing,  and,  in  that  of  memogy,  the 
xemembered.  The  perception  of  an  inienriil  of  lime 
dapsed  between  the  act  of  memorj  and  the  ^vent  rs^ 
membered,  seems.to  depend  upon  a  want  of  perfect  sameqeas 
in  the  mind,  as  it  is  when  engaged  in  rememberi^  and  at  it 
was  when  transacting  the  event  remembered.  .  The  mind  il 
never  the  aame  in  two  siiccessive  days :  every  newlpefoeptmi 
introduced  must  of  necessity  modify  its  subnequeut  actioo* 
When  the  embodied  numl  faecwntti  weak  in  ^^e,  and  sunilar 
to  what  it  was  in  youth,  the  events  of  youth  are  often  remem* 
bered  as  if  they  had  happened  yesterday. 

Still  lower  in  the  scale  of  mental  actions  than  memory  is 
HabUf  which  aho  cmiaists  of  self-imitations.  The  thing  uni* 
tated  in  this  case,  however,  is  not  a  perception,  or  idea,  as  in 
the  case  of  memory,  but  a  feding  or  instinct  Memory  eon* 
asts  of  a  train  of  thought,  the  change-seeking  sennUlity  of  the 
mind  being  adequate  to  urge  on  irom  one  percqpticm  (o 
another,  the  order  of  suggestion  being  usually  a  repetition 
of  that  winch  occurred.  During  habit  again,  the  diaoge* 
seddng  aenrifaility,  or  life  of  the  mind,  has  only  eoergy 
enough  to  repeat  some  pleasant  feeling  over  and  over  again, 
without  any  evolution  whatever.  Habit,  then,  b  the  lowest 
of  all  mental  actions.  It  is  an  unconscious  mimickry  of 
one*8  self,  the  mind  bemg  too  indolent  and  dead  to  demand 
change.  After  habit,  the  dispoution  to  be  constantly  occupied 
in  recollecting^  indicates  a  stationary  and  low  condition  of 
mental  activity ;  and  when  to  these  we  add  the  action  of  the 
feeling  of  identity,  we  obtain  the  entire  phenomena  of  the 
lowest  order  of  minds.  Such  halntose  remembering  egotist* 
may  be  found  anjrwhere  smoking  and  snuffing ;  and  it  ia  raaL 
ly  amuang  to  notice  their  minds  at  times  when  they  are 
thrown  into  a  state  of  activity  according  to  the  best  of  their 
ability  to  cogitate.  One  may  be  seen  removing  his  pipe  from 
his  laige  Ups,  with  a  Turkish  gravity,  ominous  of  some  great 


menial  deliverance ;  and  after  due  time  bM  been  a&itded  fir 
thc  sshAc  to  escape  from  witliin  him,  perhaps  twenty  I»,  ut- 
tered ia  a  tone  which,  to  save  labour,  b  made  also  to  dear  his 
throat,  make  their  esit;  after  which  the  mortal  is  again  taaai 
sucking  the  narcotic  nip[Je  assiduously  as  if  he  had  exhanned 
himself  and  run  some  great  hazard  of  existence,  insfmucb  as 
the  light  of  his  pipe  may  have  gone  out  during  the  foi^^ul 
time  when  his  mind  was  exerting  itself.  If  another  more 
highly  endowed  get  beyond  tlie  idea  of  his  own  preaence  and 
existence,  he  relates  some  event  which  has  happened  to  him 
in  past  life,  uung,  for  the  purpose  of  concealing  hia  ignorance 
of  language,  and  in  an  attempt  to  force  interest  into  bis  dull 
narrative,  as  many  moiKKyllabic  oaths  and  strong  tereis  as  his 
vocabulary  contains. 

But  a  complete  self-imitation  of  a  single  feeling,  as  in  babit, 
or  of  a  single  idea,  as  in  memory,  is  usually  prevented,  even 
in  the:  most  torpid  mind,  by  the  development  from  vithm,  or 
introduction  from  without,  of  collateral  perceptions  OT  feeUngs 
which  draw  away  the  mind  in  its  succcssi%v  states  from  a 
complete  rcpctitiffli  of  itself,  as  it  existed  in  preceding  ones. 
In  this  way  rect^leciion  is  changed  into  simple  stiggtttiou. 
The  train  of  thought,  when  evolved  under  the  least  restraint, 
Wbowmwbly  -aicribed  to  Faiiejf ;  when  under  a  nnfirinmi  f  ftff 
toiipercdve  any  tking,  it  is  named  Camc*ptitmi>-<iWbe^i^ 
ttfttcnid  of  a  train  o{  thouf^t  is  neitfaer  nme.  nattmnE  ma^ 
narj^aora  basar  <^  idaaa  such  as  bai^sns  to.'JMtte^-faflii 
OTdiredbya'tandomatdcardawpwueasiooaf  tfaoMgy^  m\nk 
when  it  consists  of  ideas  SHccexively  dnrrlnpiifl  nnri  iftwiMi 
fltlwe)  aooordieg  to  the  l»giiim«te  law  of  r^tm  aagg^AlMi, 
die  luuBcd  of  miachoodng  being  jvertnted^-i-rtbei  ttniv  c< 
titoi^lUi'is'*  procen  of  diiameryfim  it  is  Omyenia6m.i^ 
truth.' '  fint  tuiudljr  each  idaa,  during^  the  .noaiiaititMmakr 
ooo^nes.tbe^aiiidfiiBteadof  (woducBig.BetB^U^ofiene 
ideal trafy -at intuitiTely  id^ecl  to  tbe  partot Tghinhirli  ulifii 
it^'bbeakg: down  and  gives. origin  to  serenl.  >.  Xhin itnBnMl 
weakooft  gives  oooastoti  to  the  phenomena  o£  Awatn^  windt 
ooiinsts  in  applying  all  tbe  coUatend  ideas  vo^eatak'jb^.aB^ 
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wHh ^yiev^tO'dttcover* which tif'tbem  feMcmopttniril  with 
4mt;fMarMuk»  stat«of>aemtiili^«remotkm  InMtbm. 

•UkaA  toiidueh  idtuiCioii'is  found  to  belong m  its snbttfalMm,  is 
iwoemd  lij)ml«#  cf  iiaHM«  m  a  tniti^  provided  olvmysthal  the 
:pr0ocdiiigi«lMi>iOiitof  whiohilbaBariMi  betrueoko#  TUb 
iMOood  ideil  i%  at  fikcty  invobtd  in  die  first ;  ^LoAadimoMtra- 
ijon^is  muniy  a^partiooiarjticphMBation^  in  whidi  everj  thing  in 
the.  fandemfntrf  idea  k'Degleoted,  hot  that  ciFeumttaaea  to 
kivhioh  the  dcaBonstiatoi^e  attention  is  directed.  The  act  of  do* 
aidkigin  favonr  of  ooeidcain  prefefcnoe  to  others,  oonslitatca 
JmdgmimL 

..  w  When  the  jMMeeisive  ideas  rdatiTcly  suggested  ar«  not  oooa- 
plete  evolutions  of  each  other,  but  contain  anij  a  certshi  quan- 
titj  4f  lepetxtiott,  then  the  J  are  commonly  said  to  be  aiMi^jftitf. 
The  gfoaqpiiq;  of  sttdi  as  are  perfectly  similar  under  one  ge- 
necii  idea,  oonetitotsa  the  process  of.  induction  and  gtninM- 
nftkm.  Tfaeprpcesscf  sffangim  into  parallel  poshaosa  "saeh 
asoBBOidy  sfanilartaacertaitt  ezteat,  and  of  devdopiagtbe 
genendmetfaod  or  idea  involved  in  them  aQ,  constitutes  de» 
nonstmting  by  ancdogjfy  or  genendiiaig  anabgiu.  Analo^ 
gieir  lake  their  origin  from  the  unity  and  variety  of  nature. 
Thcf  perftotion  of  the  human  understanding  consists  in  the 
ability  to  discover  what  things  are,  and  what  are  not  aaalo- 
goos  ;•  and  the  perfection  of  knowledge  consists  in  having  all 
the  truths  which  the  mind  possesses,  di^)oeed  of  in  their,  po- 
sitkMM^  of  analogy  or  rdationship  to  each  other.  By  this  means 
the  mind  is  made  a  model  of  the  umverse. 
.  .  A  process  of  reasomng,  then,  consists  in  courfluig  the  track 
of  truth  in  the  field  of  error,  and  reason  is  a  prooesa  which 
can  ec^esBt  otiy.  with  the  possibility  of  erring.  In  minds  so 
constituted  or  circumstanced,  that  the  liability  to  enrdoes  not 
exist,  reasoning  becorors  evanescent,  and  imagination  is  iden* 
tified  with  discomy.  That  strong  change-sceking  state  or 
life  of  the  mind,  thm,  which,  in  a  state  of  ignorance  and  in. 
oonsideEatsBess,  pours  itself  forth  in  the  random  streams  of 
imaginatkm,  ^  watering  its  own  desert,^  is  the  same  as  that 
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whidi  makes  disooveriefl^  when,  in  the  potucwnoa  of  nueh 
knowledge,  the  mind  proceeds  by  the  Boent  of  truth.  >  TliS 
yielding  to  a  luxuriant  power  of  auggestion,  pieviouB  to  Iho 
acquiation  of  knowledge,  among  which  the  living  nrind  nay 
be  safely  suffered  to  run  wild,  is  not  suitable  to  the  exigeotMS 
of  our  present  narrow  circumstances  of  existence— 

M  *Tl8  a  &l0e  nators^'tii  not  in 
The  hannony  of  things." 

The  eonceptioDs  of  inu^'nation  are  indeed  sometimes  moie 
beautiful  than  any  thing  which  the  person  beholdinj^  tkefr 
beauty  may  know  to  be  certainly  true.  But  that  onljaiisQS 
from  the  mind^s  ignorance  of  what  really  exists,  add  from  its 
noble  ability  to  shoot  up  into  the  air  of  truthj  beyond  the 
reach  of  its  own  expen&ace.  In  such  things  as  theoiild  feds 
to  be  beautifiil,  there  always  lies  the  possiUlily  of  truth* 
Were  it  not  for  the  ccmtaminaUon  which  intuition  suffers  by 
that  converse  which,  in  every  process  of  reasoning,  it  is  OBDea* 
sitated  to  hold  ^th  error,  there  is  good  ground  fin*  bdisving 
that  the  feeling  of  intuition  would  merge  into  the  leeling  off 
the  beautiful.  The  present  alarm,  whidi  is  generally  tidcen 
at  the  suggestion  of  any  thing  in  science  which,  without 
learned  pretension,  presents  a  countenance  of  undisguised 
beauty,  is  one  of  the  many  indices  of  a  twist  in  the  peroep- 
tion  of  the  nature  of  things  with  which  the  minds  of  many 
men  of  science  are  covered,  like  the  clock  of  Strasbui^. 

The  phenomena  of  cogitation  which  have  now  been  men- 
tioned, then,  it  appears,  are  processes  as  similar  to  the  sdf- 
imitative  actions  of  an  individual  nascent  body  as  any  thing 
can  be  conceived.  The  system  of  emotions  or  social  activities 
of  our  mind,  is  still  more  perspicuously  an  exhifaidon  of  a 
mode  of  action  which  a  nascent  body  is  exemplifying  when  as- 
suming the  forms  of  those  that  surround  it;  the  object  of  which 
law  is  to  preserve  a  sameness  of  state  in  all  the  individuals  of 
the  same  species.     The  whole  economy  of  the  social  emotions 
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if  to  tfeet  the  intferlaoeliieiit  of  the  individiMls  of  m  comma* 
nky  together,  so  that  the  edTanoeineiit  of  one  shall  cither  do- 
cftdon  theexsltition  of  others  alobg  with  it,or  these  others  «t» 
tempi  to  bringdowD  again  the  asoeiMUog  individual  to  thorbvn 
condition.  The  emctions  are  diffused  by  an  imme^ateinritni* 
tioD,  on  which  Uttk  need  be  said,  as  ii  has  already  been  fuHy 
recognised  by  philosophers  under  the  names  of  Sympathy  and 
Antipathy.  When  two  indi^uala  meet^  one  of  which  is  in  a 
state  of  emotion,  the  other  submits  to  a  parallel  or  direct 
imitation  or  sympathy  only  when  the  status  of  both  in  the 
moiat  and  inteUeoluai  sedb  is  -okM  or  kss  the  same.  If 
there  be  a  ooDsidemble  dSerenoe  between  tlis  moral  tempem- 
ment^.thebiaincbi  an  inveKie  instead  of  a  diieet  iasitatiois 
ensuesr-  The  qfmpathy  remains,  bot  it  is  not  ail  aualogooa 
or  paralld  feeling,  it  is  an  antipathy  or  inverse  feeling.  Ben- 
sooing  from  the  analogy  of  nature,  this  phenomenon  of  emo* 
tion  dearly  shews  that  human  nature  is  mutilated  and  has  lost 
its  entireness^ '  Fbr  this  phenomenon,  though  exhibited  by  two 
individuals,  is  quite  analogous  to  the  states  of  activity  in  cotu 
respondii^  parts  of  the  same  body,  not  in  two  bodies ;  which 
indicates  a  state  of  things,  as  if  the  number  of  entire  human 
constitutions  distributed  to  the  race  were  less  than  the  num- 
ber of  individnals  in  that  race^  To  illustrate  this,  it  may  be 
remarked,  that  when  the  constitutions  of  two  individuals  ara 
entire  as  to  any  particular  department  of  mind,  then  there  is 
a  parallel  feding  between  them.  An  emotion  in  the  one  causes 
the  other  to  fall  into  a  true  sympathy  or  parallel  and  similar 
state  of  feeling.  When,  on  the  dther  hand,  any  coe  is  seen 
in  a  state  of  emotion  by  another  whose  Constitution  is  deficient 
as  to  that  particular  department,  then  there  ensues  an  inverse 
or  antipathetic  imitation.  The  deficiency  is  supplied  by  the 
(^posite  of  that  which  h  wanting.  This  grand  law  in  the  na- 
ture  of  mind  is  very  curiously  embodied  in  jitcmic  phenenvena, 
which  those  who  have  studied  the  pi^ecediiftg  parts  of  this  work 
will  discover  for  themselves,  andwhich  eo^Id  not  be  well  pointed 
outtoothors.  Thus,  when  an  individtud  sees  another  in  distress^ 
the  observer,  if  he  possesses  a  mind  wdil  constituted  as  to  he* 
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nevoleiice,  immediately  faBs  into  an  imifeatioB  of  the  cBatK0 
which  he  looks  upon,  and,  feeling  dntxei8cd,'i8  (ioAepaiimdf 
of  that  cogitative  process  by  which  die  fitnesa  of  relief  is 
evolved)  moved  to  relieve.      Cog^adon,  indepeiuieiidy-  of 
sympathy,  though  by  a  slower  pvocesa,  leids  to  theaania  liae 
6[  eondiKt  When  prompted  to  do  rig^t,  our  eDUathutiaiitA^ 
most  always  gives  us  two  strings  to  our  bow ;  when  pramptfld  to 
do  wrong  we  find  only  one,  and  this  generally  snap*  after  it 
has  impelled  us  to  the  deed,  leaving  reaste  koerated,  and  the 
heart  unstrung. 

Further,  it  is  true  that  we  do  not  weep  acAy  with  than 
who  weep;  when  our  consdtudon  is  entire,  we  rqoiee  with 
those  who  rejoice.  •  Were  the  soul  of  every  individuid  wfaole, 
there  would  be  a  general  and  direct  sympathy,  anil  aucb  ws 
may  observe  in  the  economy  of  some  of  the  inferior  anfanals 
which  live  in  sodety.  But  because  the  haleness  of  our  natond 
constitution  no  longer  exists,  and  can  be  learned  only  iran  fait^ 
tory  and  the  internal  perceptions  of  a  beau  ideal  to  wUeb  fliat 
history  responds,  there  are  a  great  many  feeKngs  induced  by  the 
observation  of  persons  in  particular  states  of  mind  wiiieh  aM 
not  direct  and  parallel  feelings,  or  such  as  are  oommoidy  cdted 
sympathetic,  but  antipathetic  feelings,  developed  under  the 
influence  of  the  circumstance,  that  the  individuality  and  en- 
tircness  of  the  first  mind  is  felt  to  interfere  with  that  of  the 
second,  who,  in  such  a  state  of  things,  falls  into  the  reciprocal 
or  consecutive  state  of  feeling.  Thus,  the  desire  of  glory  ob- 
served in  any  one  by  a  person  having  a  like  individuality  and 
entireness  of  constitution,  is  imitated  in  the  observer  in  a  direct 
and  parallel  manner :  he  feels  tlie  desire  of  glory  too,  and  thus 
he  is  led  to  a  generous  emulation.  But  when  any  one  feeling 
the  love  of  glory  is  observed  by  an  imperfect  mind,  by  one  who, 
wanting  that  in  his  constitution  which  could  ever  make  him 
glorious,  cannot  seek  for  glory,  in  such  a  mind  the  love  of 
glory  seen  in  another  gives  birth  to  the  inverse  state  of 
feeling,  that  is,  the  desire  that  the  glory-seeking  individual 
were  reduced  to  his  own  level.  Instead  of  feeling  emulation, 
the  lacerated  one  feels  envy  and  jealousy,  i^iedes  of  re- 
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venge&l  and  rettntfial  feelings^  seddng  the  ckfilnictiaii  of  tho 
particular  object  wbioh  eoicites  them.  The  imitalioii  is  equally 
exact  in  both  cases,  but  in  the  first  the  sign  of  the  induced 
feeling  is^  as  it  were,  positive,  in  the  latter  negative;  in  the 
former  case,  the  quantity  of  glory-sedciog  is  doubled,  in  the 
latter,  the  addition  of  m  second  quantity  to  the  amount  tends 
to  destroy  the  ivhole.  This  dbfect  and  inverse  imitation  of 
feeling  may  be  every  where  observed.  Thus,  the  devotico 
of  a  clergyman. leading  die  service  of  a  church  (when  thivt 
devotion  is  full  and  unaffected,  for  mimickry  stops  with  the 
mimic)  may  be  seen  impressed  upon  the  fdlow-worshippers 
in  the  deepest  and  most  beautiful  manner:  even  the  deaf  and 
dumb  see  not  beyond  the  reach  of  the  penetrating  influence^ 
A  street-walker,  i^pdn,  moved  by  curiosity  to  enter  in^  whose 
mind  is  incapable  of  the  direct  impressbn,  may  be  seen,  ii»- 
mediately.  when  he  has  come  into  the  presence  of  the  de- 
vout people^  expressh^  in  his  countenance  all  the  featurea  of 
an  inverse  imitation,  and  without  any  knowledge  or  evid^^i^ 
whatever  of  the  character  of  the  persons  looked  upon,  may 
be  found  accusing  or  aocursing  them  as  hypocntee. .  His 
feeKng  is,  aa  before,  a  species  <^  resentment  and  revenge^, 
eeeking  the  destruction  of  the  devotion  which  he  looks  upon, 
and  which  he  is  unable  to  respond  to  otherwise. 

Relij^ons  sjrmpethy,  technically  named  the  Communion  of 
Saints,  Love^  Gfatitude,  Benevolence,  desire  of  the  affection 
of  others^  are  so  many  parts  in  the  mechanism  of  emotUMi^ 
whose  direct  action  is  to  produce  assimilation  among  the 
individuals  of  the  community  affected,  the  whole  groups  ad- 
vancing together  in  the  progressive  development  of  essffltial 
goodness  of  mind,  and  the  possession  of  happinessi  which  is 
the  vital  feeling  of  that  goodiiMess. 

The  insuhiting  emotion,  or  that  wbioh  operates  to  preserve 
the  individuality  of  eadi  person  in  the  community,  is  Self- 
esteem,  without  whkh,  in  the  proper  digi^  a  human  natui:e» 
at  least  whea  eadsting  in  human  society  as  it  is»  n^ver  can  be 
entire,  for  otherwise  itwill  constantly  be.eKpQied  to.  oontaqajU 
nation  and  degradatioiu    This  esteem  is  iKit  in  any  d^;Tipe 
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picrdng  ioul,  it  afidooo  that  Ae*  ooly  at  noble  gatu^  vfaote 
flight  ifr  abort  aad  flufftty  and  which  fay  the  time  featoAoaa 
comeup,  it  ia  fiMmd  perched  upen  iiapny  with  apeaqpata- 
aoo  of  wdnoM,  pity,  and  benevolenee.  Mere  panion  again 
iaabobbjron  the  arm  of  a  fool,  flying  even  at  the  wind  which 
tinhoods  ity  and  shewing  only  the  love  of  flying  and  Ike  intent 
to  da  iniidiief/ 

Bat  Mif-eiteem  is  the  quarter  in  wbioh  the  human  ndnd 
haa  reoelved  ita  uMiat  fatal  laceration.  The  good  fceling 
which  remts  the  eeKcitatian  to  d^[iadatioB  is  now  fbund^ra^ 
placed  by  an  insulating  pride.  A  wholesome  mentment  oal- 
oolated  at  once  to  saTo  us  from  degradation,  and  to  impicss 
the  oflender  with  a  sense  of  his  own,,  is  iqalaced  fay  revenge 
or  die  dMia  to  briAg  another  into  a  stale  cf  distress  as  an  ul- 
timate object*  This  emotion  is  the  most  mysterious  phsoo- 
inenon^  in  human  nature.  It  is  sudi  that  one  who  knew  the 
general  economy  of  tlmgi,  but  had  not  seen  human  nataie 
as  it  is,  would  feel  inclined  to  deny  upon  oath  that  sneh  a 
stata  of  mind  could  esiist,  or,  if  informed  that  such  wasieal- 
ly  the  flict,  he  would  endeavour  to  explain  it  as  aa  aecidcntal 
abertation  of  mind  analogous  to  insanity.  This  does  nolisa- 
'  tisfy,  however.  Revenge  is  a  firm  cogitative  state  of  mind,  Ar- 
iSle  in  designs  to  obtain  its  object.  It  ia  a  sustained  dcsirr, 
having  its  period  of  uneasiness  and  its  period  of  giadfieation 
as  cUstiaetly  pronounced  as  any  other  instinct  whatever  ;jMiy, 
theire  is  a  parching  quality  during  die  existence  of  the  £iat, 
imd  a  grateful  pungency  in  the  second,  whidi  shew  too  clear- 
ly that  revenge  has  a  strong  hold  among  the  sinunsMaaof 
our  distorted  ccHisdtutioo.  As  to  its  orijpn  and  natvral  ins. 
tcry,  one  is  tempted,  on  philosophioal  grounds,  to  believe 
Aat  soch  an  anomalous  feeling  is  surely  an  upfllMag  or  im. 
presmon  dei4ved  froni  some  pewsrful  and  cruel  mind  ofqiosite 
in  ks  nature  and  dispovtions  to  the  Bupnme  Miad,^and  ftr^ 
mltled  to  eaist  for  some  purpose  connected  with  4he>tiphoid. 
Ing  of  a  moral  and  retributive  administration; •>. 

80  far,  then,  the  phenomena  of  theiivman  mind,  bailiieo. 
gludve  and  sensitivej  are  Ibend  te  ba4aMMad|*typiisi^  end 
illustrated  by  the  phenomena  at  sensiUe  bediesi-  We  found. 
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this  18  only  equivalent  to  saying  that  wc  believe  because  we 
understand  ;  for  the  evidence  of  a  truth  is  merely  its  cxpan- 
don  to  the  extent  necessary  for  the  mind^s  perceiving  it ;  and 
the  economy  of  evidcnee  or  the  expannon  of  truths  to  the 
end  that  they  may  be  believed  by  minds  like  ours,  ignorant 
and  prone  to  misconceive,  is  one  of  the  most  delicately  beauti- 
ful features  in  the  phenomena  of  mind.  An  useless  prafu. 
sion  of  evidence  is  never  granted ;  and  those  who  demand 
double  evidence  generally  fail  to  find  any.  By  this  admirable 
arrangement,  a  finite  mind  is  made  capable  of  entertaining  a 
mudi  greater  quantity  of  independent  knowledge,  each  part 
of  which  has  a  value  of  its  own.  For,  by  receiving  a  locality 
in  the  mind,  not  as  a  thing  admitted  tliereon  its  own  account, 
but  because  it  is  evidence  for  the  truth  of  something  else 
which  only  the  mind  has  respect  to,  a  truth  is  degraded,  and 
loses  general  value  and  authority  within  us;  Those  who  arc 
always  innsting  upon  more  evidence  than  is  enough  to  coOm 
tent  a  well  constituted  and  broadly  perceiving  mind,  generally 
believe  at  last,  when  they  happen  to  believe  at  all,  only  be- 
cause an  excess  of  evidence  cloys  their  dispoution,  and  pre- 
vents the  action  of  the  desire  of  scepticism  which  is  amongst 
perceptions  mudi  what  revenge  is  in  morals ;  for  scepticism 
seeks  the  destruction  of  truth,  as  revenge  does  that  of  happi- 
ness. The  sceptic  labours  under  a  mental  leprosy,  an  exdu- 
sion  from  the  entire  constitution  and  economy  of  mind,  no 
less  serious  than  the  man  of  malice  intent  To  receive  an 
idea,  having  learned  from  the  source  whence  it  has  been  de- 
rived or  somehow  otherwise,  that  it  must  be  true,  and  with- 
out  demanding  it  to  be  arbitrarily  expanded  in  the  mind,  that 
is,  without  demanding  secondary  or  double  evidence,  the  evo- 
lution of  which  may,  in  the  present  circumstances  of  our  un- 
derstanding, be  impossible,  indicates  a  most  exalted  and  entire 
state  of  mind ;  and  to  this  the  history  of  great  men  in  all  ages 
has  borne  witness. 

It  has  been  shown,  however,  that  if  the  phenomena  of 
atomic  action  be  illustrations  and  exemplars  of  those  of  mind, 
we  may  expect  to  find  a  still  more  vivid  impress  of  the  Di- 
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vine  influence  upon  those  states  of  our  miDd  which  are 
evolved  by  our  social  nature,  than,  upon  those  which  are 
evolved  by  acts  of  selUmitation,  We  may  expect  to  fiid  it 
nore  strongly  impressed  upon  our  emodons  than  upoa  our 
oogitadons.  Now,  it  is  most  certain  that  all  cmr  rdative  tmt^ 
tions,  one  after  another,a8  they  are  devdoped  in  the  siad, 
come  forth  stamped  with  a  certain  pleasant  or  uneMy  feeKng, 
which  is  universally  one  and  the  same  in  nature,  and  applies 
itself  without  change  to  emotions  of  most  opposite  quaBcieSi 
and  gives  an  approval,  or  disapproval,  of  every  adioa  affint- 
ing  the  sensibilitiea  of  others,  which  the  mind  prapoees  or 
feels  disposed  to  accomplish;  and  on  oomparing  tbia  in* 
fluence  with  the  intention  of  the  Supreme  Mind,  we  find  that 
they  correspond  entirely.  By  the  diseoveriee  of  intdUigenoe 
akme,  as  well  as  by  the  aid  of  revelatioD,  thinking  noa  have 
called  this  conscience  of  the  roind^s  intentions  the  voiee  of  God 
within  us, — an  expression  which,  if  the  principlea  new  con- 
tended for  be  received,  is  not  altogether  a  figwe  q€  speedi. 
It  is  this  impression  which  distinguishes,  in  the  uindf  actions 
into  such  as  are  virtuous  and  sudi  as  are  vidous.  Mealal 
disturbances  may  occur  to  prevent  the  impress.  ^  Virtue^ 
though  lost  to  our  perception  for  a  moment,  however,  is  im- 
mediately perceived  again  with  distinct  vision  as  befiore,  as 
soon  as  the  agitation  subsides.  It  is  like  the  image  of  the 
sky  on  the  bosom  of  a  lake,  which  vanishes,  indeed,  while  the 
waters  are  ruffled,  but  which  reappears  more  and  more  dis- 
tinctly as  every  little  wave  sinks  gradually  to  rest,  tiJJ  the  re- 
turning calm  shows  again  in  all  its  purity  the  image  of  that 
heaven  which  has  never  ceased  to  shine  on  it  •.** 

It  has  been  said,  in  a  former  page,  that  misery  or  distress 
which  spurns  hope  away,  always  indicates  an  essential  lacerm- 
don  of  our  constitution.  Now,  the  most  intense  misery  that 
has  yet  been  discovered,  is  induced  when  the  mind,  on  the 
ground  of  its  own  agency,  sets  up  its  judgment,  and  indulges 

*  Brown*s  Lectures  on  the  Fhilosopby  of  the  Human  Mind,  voi  iu. 
p.  673. 
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its  dnpomtion  to  act,  in  opposition  to  this  impression  derived 
from  oonscieoce,  whidi  is  now  supposed  to  depend  upon  the 
imnediate  presence  of  the  Supreme  Being. 

The  coiMequenoe  of  such  an  imnatural  aet  must  obfiously 
be  a  kceratbn  of  our  constiCttlion,  in  relation  to  6^ ;  and  it 
IB  ¥cry  reasonable  to  sujqpese  that  such  an  injury  should  in- 
volve the  mind  in  more  acute  misery  than  any  other.  It  is, 
indeed,  quite  possible  that  a  conridarable  interval  may  elapse 
between  our  vohuitary  offienoe  against  the  felt  authority  of 
our  oonstitutioo,  and  our  setf-oooopation  with  the  misery  we 
have  given  rise  to ;  bnt  th«  laeeration,  and,  as  it  were,  the 
matter  of  misery,  are  immediately  produced.  Such  great  mi- 
sery, however,  only  ve-4ttts  upon  great  hopes.  There  are 
many  small  hopes  conaeeted  with  this  hfe,  which  are,  as  it 
were,  below  its  regan).  A  man,  by  setting  himself  up  against 
his  conscience,  may  make  a  Steeper  and  a  deeper  laceration  in 
his  constitution  every  day,  and  yet  remain  under  the  inspir- 
ing influence  of  a  multitude  of  small  hopes,  which^  because 
they  are  smidl,  eanly  find  their  objects,  and  thus  succeed  in 
making  him  happy,  according  to  his  idea  of  enjoyment.  He 
may  hope  for  luxurious  Ivring,  get  it,  and  be  happy  in  his 
way— ^conviviality,  equipage,  men  and  women  to  his  taste— * 
such  things  he  may  freely  wish  for,  hope  to  find,  get,  and 
enjoy.  But  this  state  ci  external  activity  of  which  he  is  ca- 
pable^ 9fe$k%  nothing  against  the  existence  of  the  misery  in 
his  nature,  which  though  then,  in  as  far  as  his  private  ieel- 
ings  are  concerned,  tt  may  be  slumbering,  is  yet  all  the  while 
growing  big  in  his  breast,  to  suffocate  and  bleed  within,  do* 
ring  the  era  when  he  is  denied  indulgence  in  those  social 
activities  by  winch  at  present  he  perspires  his  uneaMness  away, 
and  preserves  himself  for  a  time  from  feeling  the  congestion 
at  his  heart.  When  our  organization  is  lacerated  most  deeply, 
there  is  often  a  p^iod  of  delirium  and  pleasant  dreaming,  du- 
ring which  certainly  the  mind  is  rather  enjoying  than  suffer., 
ing.  The  internal  knowledge  of  the  misery  produced  by  the 
organic  lesion,  does  not  come  on  till  Nature  feels  truly  the 
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breadth  of  the  injury  she  lias  received.  A  man  in  sound 
health,  however,  notwithstanding  the  symptoms  of  enjoyment 
which  he  beholds  in  such  a  case,  cannot  help  r^ardir^  the 
delirioiis  or  insendble  being  as  only  an  ill-animated  eorpse; 
and  were  our  minds  in  sound  health,  we  should  deem  a  mind 
acting  without  or  against  its  conscience,  as  a  ooipse  of  spirit 
ejected  firom  its  place  of  life  in  nature,  and  having  the  most 
horrible  feature  of  an  impossibility  to  die. 

The  phases  which  both  lacerations  display  aie  the  same 
There  is  in  both,  first  a  period  of  misery,  which  is  not  felt 
by  the  individual  himself,— then  a  period  which  is  felt  Du- 
ring the  insensible  period,  the  misery  ensting  re-acts,  not 
upon  the  feelings  of  the  sufferer,  but  upon  those  of  others. 
For  a  time  the  wicked  man  scatters  abroad  Us  nusery,  and 
smites  others  with  it.  In  the  second  period,  memory  begms 
to  reproduce  and  b^et  within  his  own  heart  all  that  he  has 
done  in  the  first ;  and  it  is  truly  fearful  to  think  what  anguish 
a  human  mind,  thus  lacerated  in  its  constitution,  asrdated  to 
the  Supreme  Bring,  may  suffer.  Our  bodies  are  indeed  to 
our  minds,  what  the  govemcMr  is  to  the  steam-engine*  They 
keep  our  feelings  always  within  that  range  of  intensity  whidi 
our  organization  can  bear.  But  when  our  minds  shall  be  in- 
sulated, there  are  many  evidences  that  their  susceptibility  of 
happiness  and  suffering  shall  be  far  greater  than  we  can  now 
conceive.  In  sleep,  when  they  are  often  somewhat  insulated, 
one  sometimes  finds  that  a  dream,  the  acddents  of  which  are 
in  themselves  perfectly  trivial,  is  the  occa^on  of  the  most  dis- 
tressing horrors.  It  consists  with  the  known  phenomena  of 
the  human  mind  to  suppose,  that  if,  by  the  use  of  its  own 
agency,  a  mind  had  refused  to  obey  those  yieldings  to  goodness 
which  naturally  arise  from  the  Divine  Presence,  when  the 
human  constitution  is  entire,  and  has  thus  placed  conscience 
bevond  a  barrier,  within  which  all  that  mind^s  activities  and 
pleasures,  and  recollections  are  enveloped—the  mere  breaking 
down  of  this  barrier — the  mere  restitution  of  the  entireness  of 
human  nature  to  that  being— the  simple  re-establishment  of 
conscience,  in  the  remembering  and  self-imitating  thing — is  the 
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conagning  it  to  the  greatest  of  all  ocHioeiTable  miflery.  It  is, 
inde^,  more  impressive  to  the  general  run  of  minds,  because 
it  brings  to  view  more  obviously  the  Diidne  sovereignty  and 
authority,  and  is  therefore  better  suited  for  our  ignorance,  to 
treat  of  the  present  and  future  destiny  of  mind  as  depending 
upon  insulated  acts  of  authority  on  the  part  of  the  Sujnreme 
Governor  of  the  Universe.  But  in  that  glorious  or  dreadful 
era,  when  from  our  positions  in  eternity  we  look  back  upon 
time  Of  we  may  do  so),  then,  even  when  bdx)lding  fulfilled  all 
the  retributions  of  life,  it  is  probable  that,  in  as  fiff  as  the 
devekipment  of  new  moral  mechanism  and  the  institution  of 
new  spiritual  laws  are  concerned,  we  will  fed  <<  Is  this  all  T-— 
It  is  only  because  we  are  igncMrani  of  the  things  that  are  now 
and  have  been  ordained  before  the  world  was^  that  we  fail  to 
discover  the  natural  tzueness  of  the  thmgs  revealed  to  be 
hereafter* 

The  relationship  between  the  intuitive  sense  or  the  instinct 
of  truth,'  and  the  moral  sense  or  the  instinct  of  goodness,  is 
very  interesting.  Both  are  approbatbns  of  certain  products 
of  mind,  and  disapprobations  of  certun  other  products  of 
mind.  The  instinct  of  truth,  however,  has  a  smallness  and 
pliability  in  it  which  the  other  wants,  and  by  its  activity  in 
breaking  cover,  proves  itself  well  adi^ted  to  be  the  lion^s  pro- 
vider. When  I  see  a  benevolent  stranger  supplying  the 
wants  of  some  miserable  vagrant,  or  a  great  and  a  good  man, 
whose  existence  is  a  blessing  to  society,  hazarding  his  life,  in 
equal  danger,  in  a  voluntary  attempt  to  save  that  of  some 
worse  Uian  useless  wretch,  the  moment  such  actions  are  be- 
held, the  instinct  of  goodness,  a  senubili^  pungent  and  bliss- 
ful, is  awoke,  which  sweeps  over  the  soul,  and,  careering  above 
reason,  prcmounces  that  th&e  is  goodness  in  the  heart  of  such 
ones  who  engage  themselves  in  relieving  distress,  and  that  it 
is  delightful  to  behold  it.  Shortly  after,  in  such  a  case,  bow- 
ever,  the  instinct  of  intuition  running  in,  reason  comes  into  its 
small  but  useful  play  in  the  mind,  and  proves  to  the  consdence^ 
or  instinct  of  goodness,  that  both  men,  by  their  actions,  may 
cause  more  distress  than  they  assuage.  Thus  moral  feeling 
is  supplied  with  a  dress  suitable  to  the  present  fashion  of 
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things,  thereby  loBiog  her  Mlnerva-Uke  grandeur,  and  ooming 
into  keeping  with  the  other  parts  of  the  oompontioii.  Such 
accidenUd  trAnsforoiations  of  our  moral  CeehngB  do  not,  how- 
ever,  in  any  degree  disparage  the  predouanasa  of  this  beal 
ty»  any  more  than  the  faculty  of  aennUepcfception  is  dti- 
paraged  by  the  seeming  revolutioQ  of  the  baavaaa.  Our  par- 
ticular locality  requires  the  iatroductioa  of  a  oorredion  as  to 
direction  <^  moral  approbation  in  particular  caaea.  A  btofi 
kw  of  testimooyf  adapted,  not  to  any  particular  loeality,  bat 
to  the  universe,  mutt  be  modified  to  suit  this  faocid ;  but  this 
only  proyes  the  grandeur  of  the  fecUng  of  goodocai^  and  that 
it  was  created  in  refierence  to  eternity  and  the  univetie^  rather 
than  to  time  and  our  present  place. 

The  fact,  that  moral  fading  and  conacieiioa  are  weak  or 
altogether  obliterated  in  some  minds,  is  an  argmneiit  in  fa- 
vour of  the  view  which  has  now  been  advanced  as  to  its  ori- 
gin. That  a  particular  education,  entiie  ignonmoe  of  the  na- 
ture of  things  and  habitual  abandomnent  to  widtednefls, 
should  occasion  insensibility  to  the  natural  iwtoenca  of  the 
Supreme  Being,  it  is  most  reasonable  to  believe ;  and  if  this 
happen,  the  loss  of  the  feeling  of  goodness,  aocoidkig  to  the 
view  now  advanced,  naturally  follows.  Hence,  also,  it  ob- 
viously results,  that  when  seeking  for  the  existence  of  con- 
science,  or  the  feeling  of  right  and  wrong,  we  must  examine 
specimens  of  the  human  race  which  are  of  the  most  entire 
and  exalted  constitution,  not  savages  and  degenerate  indivi- 
duals  whose  constitution  is  most  deeply  mutilated. 

Perhaps  it  might  be  difficult  to  shew,  simply  by  the  cha- 
racter of  moral  approbation  itself,  that  it  is  an  emotion  of  a 
quality  different  from  other  pleasant  and  elevating  emotions 
generally  ;  but  tliis  may  be  satisfactorily  done  in  reference  to 
its  opposite.  For  remorse  differs  from  all  other  emotions 
which  have  to  do  with  cogitation.  It  rather  agrees  with  the 
painful  periods  of  appetites,  which  are  periods  of  constitution- 
al lesion.  There  is  nothing  but  suffering  in  it.  All  other 
feelings  commonly  known  by  the  name  of  emotions,  however 
much  uneasiness  they  involve,  have  also  a  certain  agreeable- 
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neas.  Some  minds  find  mdancholy  more  agreeable  than 
gladneM,  and  such  may  be  seen  composing  their  eyes  and 
tips  when  the  pleasantry  of  some  fiiend  has  discompooad 
their  sadness  sooner  than  nature  would  have  it  Fear  is  an 
emotion  so  pleasant  that  many  persons  devise  little  adiieva- 
ments  chiefly  for  the  sake  #f  the  fears  which  they  bring 
into  play  by  exposing  themselves  to  danger.  Hatred  has 
a  latent  heat  or  a  chill  in  it  that  imparts  to  it  an  agre^ 
able  freshness.  Aevenge  is,  to  some  persons,  fearfully  delight- 
ful. Cruelty  gives  pleasure.  Whatever  emotion  is  natural 
to  the  human  creature^  is  not  without  its  own  gusto.  But 
who  wfll  say  that  remorse  is  not  perfect  distress  ?  It  is  a 
dragging  of  the  soul  at  the  diariot  wheels  of  memory,  every 
verdant  spot  of  past  existence  being  burnt  up^by  its  track. 

The  view  which  has  now  been  advanced  of  the  nature  of 
conscience,  makes  moral  obligatkm  to  be  a  part  of  the  consti- 
tution of  man,  aruing  essentially  from  the  place  which  God 
has  assigned  him  in  the  scale  of  bongs,  and  out  of  that  nobk 
feature  in  its  constitution,  which  makes  it  not  impossible  for 
him  to  imitate  the  Supreme  Being,  by  the  possession  of  good- 
ness  and  intellectual  and  moral  happiness.  Thus  the  inten- 
tion of  the  Creator,  that  there  diould  be  in  the  universe  intel- 
ligences multifJied  according  to  the  laws  of  matter,  and  in 
due  time  capable  of  emerging  firom  their  organic  connexions, 
and  of  leading  an  existence  similar  to  intelligences  which  have 
had  a  different  origin,  is  accomplished  by  the  institution  of 
the  law,  that  these  organic  intdligences,  while  yielding  to  the 
laws  of  material  developement,  should  ever  recognise  the 
Divine  Presence,  by  their  feelings  of  virtue  and  vice,  and  be 
at  onoe  kept  under  moral  obligation  and  responsibiUty,  and 
fitted,  by  an  education  in  knowledge  and  virtue,  for  a  loftier 
and  ■K>re  happy  place  in  the  scaleof  being.  These  coodiUons 
enable  us  also  to  understand  a  very  interesting  feature  in  the 
nature  of  the  inferior  animals*  As  they  are  obviously  not  in- 
tended for  other  states  of  existence  than  that  in  which  we  now 
find  diem,  and  have  powers  of  perception  and  feeling  just  .fit, 
though  very  admiraUy  fit,  for  enabling  them  to  conduct  their 
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by^good  <nr  bad  oondact,  m  baa  beea  already  ahewD^  beoom- 
ing  ibe  higfaeit  oontearable  feward^  or  tbe  moat  ugpmmg 
punirfiawiit.  It  irere  good  if  we  oould  leani  what  aorta  of 
crnne^iBenB  organkuitioii  prompla  to ;  and  thia  may  be  done 
by  obacJkriDg  die  ittfeiiGr  aniaiala;  which  throws  Ug|it  upon 
>wfaa(t  sacma  at  first  ineKpBnahhf  in  the  eeonony  of  the  bnitea : 
For  ire  sonetimcB  see  the  eihibition  of  inatioots  which  have 
ai  ciMimiid  aspect*        .     - 

A&fXf  fer  inetahroj  qweadaabait  for  poultry  in  the  yard 
in  which  he  is  diained.  Having  qyread  the  bait  within  stretdi 
of  his  dbain^  he  sAmIb  to  go  askepb  Thefoxhaaasensorium 
which  enafaka  wand  to  aocomplidi  audi  acts  of  ingenuity.  He 
haa  no  eonsriousneaa  of  virtue  or  vior.  He  is  hungry.  But 
be  is  not  guilty  of  deoeit  8udi  a  mode  of  acting  is  as  much 
eooaiding  to  Ins  natoreaa  any  other  aaode.  The  poultry  are 
not  decemd  (  for  they  do  not  count  upon  honesty  in  the  fox, 
but  go  by  what  they  eee^  and*  knowii^  less  of  the  finx  than 
he  knows  of  them^  are  cau^t  The  fowls>  in  their  turn, 
knowing*  BKNne  of  worms  than  woms  do  of  themy  seiie  the 
TOptilee,  and  asnnilate  thnr  mdecuks  to  their  own  bodies, 
white  abondanee  of  young  worma  are  in  the  Qourse  of  growth 
and  devetopmenC  It  nay  be  confidently  stated,  that  any  at- 
tempt of  man  to  develope  more  benevol^oe  in  creation  than 
that  whieh  is  developed  already,  would  be  productive  of  more 
misery  dum  tfiat  which  exists.  For  any  thing,  then,  that  ap- 
pears to  the  contrary,  that  which  exists  is  the  greatest  quan- 
tity posoble,  the  element  of  the  material  creation  being  aa  it 
is.  As  to  virtue  and  vice,  viewed  apart  from  moral  agents, 
Uiey  are  nonentities.  To  no  terrestrial  qpedes  but  man> 
does  the  meohamsm  which  makes  one  action  virtuous  and  an- 
other vidouB  extend.  If  the  fi>x  got  his  food  otherwise  than 
he  did,  then  he  would  be  no  fox^  Should  any  one  say  there 
ought  not  to  have  been  foxes  in  creation,  if  it  really  emanated 
Arom  a  Creator  such  aa  theists  contend  Ibr^  this  is  equivalent 
to  saying  that  there  should  have  been  no  notion  of  deceit  in 
man,  or  that  man  and  other  animals  should  have  been  atff^ 
after  difoent  modeb)  whkh  would  have  been  a  state 
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of  things  quite  contrary  to  the  unity  and  harmoi^  by  whidb 
all  things  are  related  to  each  other,  and  woukl  have  affbided 
the  objector  a  strong  argument  for  atheisiii  or  polytheisBi. 
It  IB  impossibk  to  conceive  any  state  of  things  sudi  that  an- 
other may  not  be  imagined.    But  it  is  very  ridiculous  that  a 
man  should  find  himself  admirabk  enoi^  to  diaoorer  boar 
the  present  creation  could  have  been  made  better  than  it  is, 
and  yet  not  be  content.     It  is  much  to  be  legretted,  that 
theologians  and  naturalists  d6  not  understand  eadi  otfaer^s 
subjects  better  than  they  often  do.     This  would  save  many 
apologies  for  Nature  on  the  part  of  the  former,  and  manj  er- 
rors of  greater  ocmsideration  on  the  part  of  the  latter. 

It  is  very  unsatisfactory,  however,  to  treat  oi  the  Phydblogy 
<^  the  Human  Mind,  of  all  subjects  the  most  important  and 
interesting  to  the  naturalist,  in  such  a  hard  and  runaway  man^ 
ner  as  this,  to  which  the  figures  at  the  top  of  the  p^ge  urge. 
Instead,  therefore,  of  oontinuing^such  general  notices  of  the 
relationship  of  matter  to  mind,  by  selecting  some  one  dass  of 
mental  phenomena  for  more  minute  investigation,  I  diall  en- 
deavour to  shew  that  knowledge  of  the  structure  of  mind 
may  be  acquired  by  such  help,  which  explains,  in  a  most  sa- 
tisfactory manner,  phenomena  at  present  regarded  as  arbitrary 
and  unaccountable  matters  of  fact. 

When  speaking  of  the  qualities  of  the  best  design  possible, 
it  was  said  that,  besides  working  out  the  end  proposed  by  the 
designer,  the  intermediate  phenomena  constituting  the  evolu- 
tion ought  to  be  such  as  mind  signalizes  by  the  word  beauti- 
ful. Let  us,  in  a  few  pages,  inquire  whether  the  views 
which  have  occupied  us  in  this  work,  do  not  throw  much 
light  upon  this  class  of  mental  phenomena.  It  has  hitherto 
been  disregarded  in  our  progress,  but  certainly  none  is  better 
entitled  to  a  minute  conaderation ;  for  the  lives  of  the  thought- 
less are  commonly  nothing  more  than  blind  pursuits  after  the 
pleasing  and  the  beautiful ;  while  those  of  even  the  most  co- 
gitative and  conscientious  arc  still  in  a  great  measure  regu- 
latcd  by  their  taste.  Yet  let  us  not  place  Taste  in  oppodtion 
to  Conscience.    Taste  is  a  man  s  natural  and  legitimate  guide 
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fur  wcuring  hn  owa  happiness,  as  oonscieiioe  is  bis  guide  for 
securing  the  happiness  of  oChers. 

In  entering  upon  the  phenomena  of  Taste,  it  is  necessary 
to  distingiiish  between  that  pleasing  emotion  consequent  upon 
the  discovery  of  fitness,  and  that  grateful  sensation  which 
accompanies  the  beholding  of  a  beautiful  ^Agect,  or  the  listos- 
ing  to  a  beautiful  suocesaion  of  tones.  The  former  is  one  of 
the  comrnoD  products  of  cogitation  and  reflection ;  the  latter 
is  a  fieding  anterior  to  all  such  intdlectual  actions,  and  is  im- 
mediately consequent  upon  that  change  in  the  optic  or  audi- 
tory nerve  which  occasions  senoation.  The  leding  of  beauty 
is  coeval  with  the  peeception  of  the  external  object  said  to  be 
beautiful^  and  is  nothing  else  than  a  peculiar  sensation.  Co- 
existing with  the  perception  of  an  external  otgect,  there  is  in 
the  mind  a  peculiar  state  of  sensibility,  as  the  substratum  of 
the  perception ;  and^  aoec«ding  as  thb  state  of  sensibility  is 
agreeable  or  not,  we  say  that  the  object  exciting  it  is  beauti- 
ful, gracsfiil,  or  grand,  or  of  an  opposite  diaracter.  During 
the  evolution  of  these  phenomena,  there  is  evidently  no  place 
for  the  discovery  of  any  specific  fitness  or  adaptation  to  some 
particular  purpose  in  the  object  named  beautiful.  It  very 
often  hi^pens  indeed,  that  objects  which  have  much  beauty 
have  also  much  fitness,  compared  with  compoutions  of  the 
same  class  which  are  less  beautiful,  because  whatever  is  beau- 
tiful is  in  harmony  with  nature  in  g&aeni,  and  whatever  is  fit 
is  in  harmony  with  nature  in  particular ;  hence,  just  as  things 
which  are  equal  to  the  same  thing  are  equal  to  one  another, 
beautiful  objects  are  often  identical  with  fit  objects.  Further, 
it  is  obvious  that  any  thing  viewed  in  relation  to  a  particular 
purpose,  for  which  it  is  unfit,  can  never  please.  But  many 
things  are  beautiful,  in  which  there  is  no  fitness  for  any  par* 
ticular  purpose ;  and  others,  though  fit,  are  felt  to  be  beauti- 
ful anterior  to  the  discovery  of  their  fitness,  and  just  because 
there  is  a  something  unknown  in  them  whidi  pleases  the  eye 
or  the  ear.  This  seems  so  obvious  as  to  demand  no  further 
illustration. 
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Let  it  be  granted^  then,  thai  thero  ae  rnaoy  thiagswUdii 
on  the  immediate  notice  of  them»  we  prmoiuiceita^beinujk 
tifid,  graceful,  or  gtand^— what  is  the  ifarticular  ituwhanMrn 
by  which,  on  bdMildittg  them  or  iiatanfaig'tOifhenitiOiirjnuid 
h  involved  in  that  agveeaUe  etate-of  feel]Bg^.ftf^«wtiich  at^es* 
lemal object  is  vepreieniedas:a>oaiiae wiieiirit ia:deMi(dnaled 
beautifkd,  graceful^ or  grand ?  llkssmimimi^daal^l^ 
peotthatIamagaintooaUjntbeaid«f;th»laiw:of  iaiitatiwi 
to  explain  these  pheBomtBa;  and  aemidh^giy,  tihe  \km  mm 
lobe  innsted  on  is,  that  the  emotiandf:  beant!y:ariiBejbQBi<aD 
inntatian  taking  place  in  seme  part  of  our  eraiftitutiBB  or  other 
of  that  which  is  said  to  be  beautifttL;  If  dm^faeaiadeiout  in 
eeferaMe  to  sensiUe  beauty,  it  will  be  sioet.kgitimaleAoiiiD* 
fer  the  same  in  referenee  to  mcMtal  beau^.  Letna^dm^eB* 
deavour  to  detect  the  (dienomena  which  take  jTla^infaringAe 
development  of  beauty  of  si^t  and  sounds  and-jthfr  gJBtemal 
elements  in  the  beautiful  otyeeton  wUdi  the  iatKmg  defends. 

In  looking  over  a  heterogeneous  >oollection  jrfi  etjedto^  all 
of  whioh  are  beautiful,  it  may  at  <Mioe  be  diuuuveajdjtfiati  the 
emotion  of  beauty  excited  by  diem  derives  ke  atigm  htm  ode 
or  odier  of  two  sources,  or  from  both  eombkied*.  £idHr  we 
find  the  object  to  be  beautiful,  being  regarded  at  die  same 
time  simply  as  a  form,  a  colour,  a  coloured  form,  or  a  sound ; 
or  we  find  it  to  be  beautiful,  being  r^arded  as  expressive  of 
some  fine  state  of  intelligence  or  sensibility.  Some  things  are 
unquestionably  beautiful,  simply  because  they  have  something 
in  tbeir  shapes,  tints,  or  tones,  which  pleases  the  eye :  no  ul- 
terior object  of  the  mind^s  regard  can  be  discovered  as  a  cause 
why^it  is  pleased.  Other  objects,  agiun,  evidendy  have  a 
beauty,  chiefly  because  they  are  fouud  to  be  cxpresave  of  em- 
bodied mind,  either  of  tenderness  of  sensibility,  or  goodness 
of  heart,  or  grandeur  of  intelligence.  Of  the  former  eort  may 
be  instanced  the  images  of  a  kaleidoscope,  and  the  analogous 
figures  in  Gothic  and  Moorish  architecture,  the  coloured 
fringes  of  double  refracting  crystals,  the  figures  on  drapery, 
and  many  others  that  miglit  be  mentioned.  All  tliese  are  very 
beautiful,  and  yet  no  one  can  discover  any  reason  wliy  they 
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affeot  the  wind  frith  udminAm,  butbecaivetbcjrpdsieasder- 
Uin  fiinil9  and^okmn^ wboaegeneiio  characters  may  mdc^  be 
diaeofwpedi  bat  oonoeming  whidriieibiiig  more  can  be  leanw 
ed  bgr-iunple  obMnratioMy  than- that  the  ofcgeot  oootempbtedj 
beeauaa  it  poaBcaees  a  cMam  fom  or  cobtir)  pleaKs  the 
eye.  The  oaae  19  very  ilMlii  iiit  yfikea  we  look  at  a  etatoeflf 
a  VeBii%  an-  Apollo^  era  liitierv%'at  a  weD  proportiooed oo* 
linoii)  at  a  poplai  tree  oe  adroapiag  wilber)  at  a  ihip«odet 
fait  Mil,at  a  mfs^gliMriiig  under  the  ]iioeo*beaiii%  at^a 
while  dood' towetiBgi  abofe  Ae  hdrixon,  or  at  a  dklam  n^ 
tanv'  Soeh i^oigectt  aa  theift  avakft  theeaoolian  c£  adoaiaa* 
tiba^  beeauBe  th^are  exptaiKfeef  etrtain  adnrirahle  etaies  cf 
nund,  while  tbdy  poiieeB^  at  the  eame  tiiac^  euoh  fomeaMl 
ookNneat  are  not  eaUnlatfrt  to  diwpkaen  the  eye}  forweei 
tUetheeaee,  it  is  of  comae  inqraHiblethat  they  could  be  it* 
garded  as  beautifulA        :        : 

If  the  faring  ogiSenaUeibeauty  be  the  eflject  of  aajnita* 
iMHtof  thobeantiAil  eigeot  bgrsenie  part  of  the  oowslitiiioi&. 
of  tbebeaig iriio^ftda  the  eaootioB^  there  can  be  nodouht  Aat 
thispart  ef  the  constitntion  must  be  the  smmqciuqi,  }ust  aaiD 
the  caas  tf  the  ieeliiig  cf  unseen  moral  and  intellectual  bean, 
tjrit  moBtbedK  essential  state  of  the  mind  itadf.  Now^withr 
obt  yetsndipg  to  describe  the  forms  of  the  illuminated  imiy  s 
m  that  part  of  the  head  where  the  smsarionn  and  fmtep6am 
take:phM^  which  coneepond  to  external  objects  ssen»  nor  the 
«tate  of  vibradoos  propagated  from  the  ear  when  tones  ate 
beard— -without  pretending  to  describe  any  partioular  region 
ct  the  encephakn  as  the  sensorium,  or  to  be  more  parricmlar 
about  it  than  to  avail  ourselves  of  its  general  structure^— sii  is 
obriooa  that  the  imitation  contended  for  is  made  out»  if  it  be 
found  that  those  sensible  objects  are  most  beautiful  which  are. 
most  harmonious  to  the  structure  of  the  seneorium  and  ^e 
oeerimd  mass ;  and,  paripauuj  that  those  moral  olgeota  ave 
most  beautiful  which  are  most  harmonious  tn  opr  moral.ma. 
stitution,  according  to  its  entire  and  original  destination* ,  The 
sensorium,  it  has  been  shewn,  we  are  tQ  r^pud  ub  a,f^mme- 
trical  tissue d*  radiant  matter;  hepce  i(  is  obviousi (hat  the 
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image  of  a  symmetrical  object  can  be  much  more  euly  eon* 
Blituted  in  the  sensorium,  or  imitatid  bj  il^  than  an  unaymme^ 
trical  or  irregular  one.  The  image  of  an  unajnaamctneal  or 
irregular  ob)ect  muftt  demand  a  greater  efibct  or  aenaotialdis- 
jdacemenL  Further,  until  a  body  has  resolved  its  ports  inio 
symmetrical  portions,  it  is  obviously  not  in  a  state  of  pbysiosl 
repose.  Motion  is  therefore  natund  to  it,  aa  rest  is  to  asym- 
metrical mass.  Hence  it  follows  that  symmetry,  wirii  that 
harmonious  relationship  of  parts  winch  indicates  that  tiiey  be- 
long to  one  individual,  must  give  rise  to  a  form  in  harmony 
with  physical  action  in  general,  and  that  of  the  senaonum  in 
particular,  and  most  capable  of  being  imitated  in  the  senso- 
rium ;  and  therefore  such  obgects  ought  toawakes  die  emotion 
of  beauty,  and  that  most  strongly  when  the  forms  of  their  sur- 
faces, and  relaticmriiips  of  th^  lines^  are  barmonieaB  with 
those  of  the  sensorium.  But  it  must  be  the  bemity  of  inecti. 
vity  and  repose,  for,  having  attained  symmetry,  the  mass  lias  • 
attained  the  limit  of  its  intrinsic  action.  Such' an  are  not 
qfmmetrical,  again,  requiring  at  once  a  greater  e&vt  of  mind 
to  disturb  the  sensorium,  and  to  retain  thrir  imagea  in  it,  and 
having  yet  to  move  ere  they  have  attained  the  Mmit  ci  their 
action,  ought  to  be  symbolical  of  animation,  or  expressive  of 
mind,  as  something  whose  co-existence,  along  with  the  atomic 
forces  of  the  mass,  restridns  the  action  of  the  latter,  and  pre- 
vents the  evolution  of  symmetry,  or  the  limit  of  physical  Ac- 
tion, and  that  to  which  body  is  always  tending  when  unre- 
strained. By  increasing  symmetry,  then,  always  preserring 
at  the  same  time  unity  of  relationship  among  the  parts,  we 
must  gain  beauty,  but  produce  at  the  same  time  die  expres- 
sion of  repose  or  deadness.  By  diminishing  symmetry,  we 
must  gain  the  aspect  of  animation. 

Now,  it  is  obvious  that  every  visible  body  consists  of  super- 
ficies and  edges,  that  is,  expanded,  illuminated,  or  coloured 
parts,  and  outlines ;  and  it  may  be  viewed  by  the  eye,  either 
in  relation  to  its  surfaces  or  its  outlines,  or  in  the  mind*^  r^aid 
of  it  both  may  be  included.  What  lines  and  surfaces,  then,  are 
harmonious  with  those  of  the  sensorium  and  cerebral  tissue  ? 
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Inckpendent  lines,  each  having  an  unity  of  its  own,  to  be  con- 
formable to  the  structure  of  the  sensorium,  must  be  parallel 
to  each  other,  tor  all  the  analogous  edges  of  umilar  rays  in  a 
tissue  cf  radiant  matter  are  paraUel.  Lines  at  rig^t  angles  to 
each  other  are  equally  conformable  to  the  structure  of  the 
sensorium,  and  still  more  capable  of  being  perfectly  imitated 
or  represented,  but  they  are  mutually  dependent  or  parts  of 
one  individual ;  far  lines  at  right  ai^es  are  analogous  to  the 
consecutive  edges  of  a  radiant  atom,  or  the  consecutive  parts 
of  an  octooate  molecule  or  perfect  ray.  So  much  for  the  re. 
lationsfaip  of  lines. 

As  to  the  superficies,  in  a  tissue  of  radiant  matter,  they  are 
all  equilateral  triangles.  The  symmetrical  area,  therefore, 
capable  of  being  most  perfectly  seen,  consists  of  two  equila- 
teral triangles  united  by  a  nde,  that  is,  a  knenge  or  rfaombos 
of  liXf  and  60^,  and  this  is  the  superficies  which,  considered 
nmply,  must  have  greatest  beauty*  Were  we  indeed  to 
draw,  in  mk,  upon  white  paper,  the  outlines  of  a  square,  m 
losenge,  and  other  rimple  figures,  it  might  be  difficult  to  say 
which  was  most  pleamog,  and,  perhaps,  no  two  persons  would 
agree.  One  mind  would,  in  fact,  have  respect  to  the  area  in- 
duded  by  the  lines ;  another  to  the  lines  themsdves ;  and,  as 
the  beauty  ef  one  or  other  depends  on  dissimilar  features, 
perplexity  ooold  only  be  expected.  But  let  a  lozenge,  square, 
cfancle.  Sic,  be  painted  of  one  uniform  tint,  without  any  dissimi- 
lar outline,  and  hod  upon  a  neutral  surface,  and  every  one,  I 
should  think,  would  decide  in  favour  of  the  losenge.  Here 
the  mind  contemplates  the  superficies,  and  fixes  upon  that  as 
most  |deashig,  which  is  seen  most  dktinctly,  and  with  die 
least  uneariness  or  cflbrt,  from  its  being  most  conformable  to 
the  structure  of  the  sensorium,  and  fSrom  an  illuminated  or 
excited  image  of  it  bring  constituted  in  the  optic  region  with 
less  disturbance  of  the  quiescence  of  the  remainder,  and  a 
smaller  destruction  of  the  unity  and  symmetry  of  the  whole, 
than  had  the  superficies  observed  been  of  any  other  form.  A 
lozenge  is  perfectly  symmetrical,  however;  it  is  therefore  ex- 
pressive of  deadness  and  repose. 
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After  the  lozenge  itself,  in  pcnnt  of  harmony  inA  die  ien« 
sorial  tissue,  is  its  half,  obtained  by  cuttfng  it  aking  either 
diagonal.  In  this  way  we  obtain  an  equilateral  triang^ 
all  whose  angles  are  60°,  and  an  obtnse  angled  triangle, 
all  whose  angles  are  doubles  and  halves  of  the  former.  Two 
sudi  triangles  constmcted  upon  opposite  ades  of  one  fai^, 
therefore,  develope  an  area,  which  is,  after  the  looenge  itKl^ 
capable  of  being  most  perfectly  hannomzed  with  the  aeoMK 
rium.  After  the  lozenge,  therefore,  this  ought  to  be  the  most 
beautiful  superficies,  a  number  being  grouped,  so  that  die  nass 
is  symmetrical.  Taken  by  itself,  however,,  it  b  not  flymme- 
trical ;  it  is  therefore  expressive  of  animation.  By  drawing  an 
axis,  it  is  divided  into  two  triangles,  each  containing  one  an^ 
of  90°,  one  of  60°,  and  one  of  80°.  It  may  also  be  devdoped 
by  cutting  an  equilateral  triangle  into  two  by  a  peipendicular 
let  fall  on  one  of  the  sides,  and  then  applying  the  two  entire 
ndes  to  each  other.  The  equilateral  triangle^  then,  ought 
to  be  the  rudimentary  superfides  of  mere  formal  Beauty ;  the 
right-angled  triangle,  with  one  of  the  acute  angles  00%  the 
other  30°,  ought  to  be  the  rudimentary  superficies  of  animated 
beauty. 

But  so  long  as  we  regard  superficies  merely,  whatever  be 
their  form,  we  have  not  yet  arrived  at  that  which,  among  via- 
ble things,  is  truly  symbolic  and  expressive  of  mind.  Tliere 
may  be  animation  expressed  by  colour  and  superfides,  but  it 
is  sensual  and  physical  animation,  which  has  nothmg  to  do 
with  intelligence,  grace,  or  grandeur. 

What  visible  thing,  then,  may  we  expect  to  be  expressive  or 
symbolical  of  mind  ?  It  is  obvious  that  we  must  fix  upon  an 
axis  rather  than  an  equator,  that  is,  a  line  rather  than  a  su. 
perfides ;  for  the  axis  is  that  to  [which  all  the  cither  parts 
are  subordinate,  and  on  the  particular  characters  of  which  all 
the  qualities  of  the  other  parts  depend.  A  physical  line  also, 
considered  by  itself,  is  a  polarized  axis,  a  body  capable  of  the 
greatest  activity  ;  and,  when  the  first  era  c^  its  activity  b 
over,  by  the  uniting  of  its  opposite  extremities,  its  action  is 
changed,  but  not  destroyed ;  there  is,  then,  an  independent 
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nrculation  instead  of  a  soliciting  polarity,  and  the  form  result- 
ing is  the  circle,  which  is  obviously  the  emblem  of  unity  and 
unchangeablencss.  The  reader  may  perhaps  feel  disposed  to 
reject  these  ideas,  but  is  he  able  to  disprove  them  ?  *'  Errare, 
Mehercule  !  malo  cum  Platone  ....  quam  cum  istis  vera 
sentire.^ 

A  straight  line  is  the  emblem  of  pure  perception.  When 
the  whole  object  seen  is  viewed  by  the  mind  as  one  line  oc 
column  placed  in  a  perpendicular  position,  or  position  of  in- 
dividual symmetry,  ihen  the  expression  given  by  it  is  that  of 
independent  perception,  or  intelligence,  which  feels  none  of 
the  yieldings  of  social  nature.  Hence  judges  are  made  co- 
lumnar by  robes  being  hung  over  their  persons,  the  waving 
lines  of  their  necks  being  filled  up  by  pyramidal  wigs,  that 
the  graceful  lines  of  humanity  may  be  obliterated.  The  same 
carriage  and  analogous  drapery  are  also  imparted  by  the 
painter  and  sculptor  to  apostles,  senators,  and  philosophers, 
the  head  and  neck  being  left  free,  that  more  of  humane  nature 
may  be  expressed. 

To  superinduce  beauty  of  form  upon  this  expression  of 
severe  intelligence,  the  column  roust  be  expanded  and  con- 
tracted in  different  regions  symmetrically,  in  relation  to  the 
oi|(aiiisatioD  of  the  human  body,  whose  sections  are  wholly 
composed  of  equators  of  emimatio»i  such  as  have  been  de- 
scribed. Now,  in  expanding  an  axis  in  relation  to  this  super- 
ficies, it  is  obvious  that  the  line  on  which  the  expression  of 
mind  depends  must  have  the  obtuse  and  acute  angles  of  the 
loaenge  at  its  opposite  extremities ;  because  the  opposite  ex* 
tremities  of  a  line,  which  in  physical  combinations  must  be 
regarded  as  a  polariied  axis,  possess  consecudve  polarities ; 
and  negative  polarity  always  demands  greater  expansion  of 
surface  than  the  corresponding  quantity  of  positive  polarity. 
Hence  the  column  must  be  expanded,  so  that  the  ang|Ie  oon^ 
toined  by  the  expansion  at  one  extremity  shall  be  as  nearly  as 
pos^bk  ISO^,  while  the  angle  contained  at  the  other  extremity 
shall  be  as  nearly  as  possible  60°.    Thus  a  plane  is  developed, 
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auch  as  lias  l>een  nlreaily  described,  which  coaasU  of  two 
right^ngled  trianglea  laid  aymmetricaUy  together  by  diar 
hypothenuBes  (which  now  represest  the  axis),  and  of  audi  a 
form  thai  the  shorter  of  the  aides  cotitatning  the  right  aiigle^ 
is  double  the  leiigUi  of  the  hypothentise.  When  thoe  tri- 
angles are  lud  together,  so  that  the  right  angles  an  not 
opposite  each  other,  then  there  result!  a.  column  again,  or 
rectangle.  If  we  wish  to  construct  the  human  form  of  vaiioin 
styles  of  symmetry,  we  have  only 
to  comlnoe  these  expanded  axes^ 
whose  dimensiona  arc  taken  fraoi 
the  measures  of  the  spine,  in  »  very 
simple  and  geometrical  manner ; 
and  bythe  outlines,  angular  pcnots, 
and  lines  parallel  to  the  shoulder 
line  thus  obtained,  the  idMive 
magnitude,  pooitiont  aad  form  of 
Uie  moat  emiaent  parta of  the  bead, 
body,  and  limbs,  arc  at  wKe  de- 
tennined  ;  and  by  varying  analo- 
gous parts  through  the  aanie  an- 
gles, the  whole  person,  whatever 
be  his  style,  is  kept  in  barmony 
with  himself. 

To  proceed,  then,  with  the  attitude  or  axal  hne  of  the  per- 
son, it  may  be  remarked,  that  the  statue  formerly  presented 
to  the  mind  in  a  columnar  aspect,  when  thus  expanded,  ex- 
presses the  symmetry  of  the  human  form,  as  well  as  that  of 
independent  perception  ;  but,  m  consequence  of  ^e  axis  fannft 
obscured,  as  an  object  of  the  mind''E  regard,  by  the  dcvclojv 
mcnt  of  a  certain  amoimt<^  formal  or  superficial  beauty,  mudi 
of  the  penetrating  and  perceiving  expression  of  the  figure, 
when  it  was  regarded  as  an  obelisk  or  column  has  been  sa- 
crificed. There  arc  few  persons,  liowerer,  who  can  sqM- 
ntte  no  far  between  tiic  fniellectual  and  social  of  haman  ns* 
ture,  an  not  to  feel  iineasr,  rather  than  pleased,  jii  viewing  s 
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human  rorm,  which,  though  beautifuli  yet,  in  consequence  oi* 
tlie  perfect  i:ectiliueal  uprightness  of  the  axis,  expresses  only 
independent  intelligence,  destitute  of  all  susceptibilities  of  hu- 
maoe  feeling ;  and  when,  as  in  some  ancient  idols,  sexual  and 
social  developments  are  added  to  this  rigid  perpendicular  car- 
riage, the  image  becomes  unhuroan.  By  the  straight  vertical 
line  which  represents  the  personality  of  the  figure,  the  statue 
is  made  very  powerfully  intelligent,  but  it  is  at  the  same  time 
ouide  insulated  and  unsocial.  By  the  development,  in  these  cir- 
cumstances, of  formal  beauty,  and  especially  by  the  exhibition 
of  some  decidedly  sexual  or  social  form,  as,  for  instance,  by  mo- 
ddling  the  bust  like  tliat  of  a  female,  it  is  invested  with  the 
apparatus  of  affection,  the  personal  line  at  the  same  time  ex- 
presung  a  destitution  of  the  corresponding  feeling.  Hence 
the  mind  experiences  an  emotion  of  repulsion  at  the  exhibi- 
tion of  siich  an  incongruity.  Soldiers,  in  like  manner,  are 
jiequired  to  stand  erect  to  convey  the  expression  of  independ- 
ent observation  and  want  of  social  or  partial  feeling.  They  are 
also  made  to  move  as  symmetrically  as  possible,  not  only  on 
account  of  the  fitness  of  symmetrical  evolutions,  but  that  an 
army  may  appear  more  truly  a  self-moving  engine  of  destruc- 
tion, and  not  a  group  of  spontaneous  warm-hearted  men;  a 
slate  of  things  which  would  be  expressed,  if  die  symmetry  of 
the  mass  were  destroyed,  and  each  moved  according  to  his  own 
way.  When  a  company  of  men  is  vehementiy  animated, 
however,  it  is  quite  against  the  order  of  things  to  array  them 
as  a  symmetrical  mass ;  and,  accordingly,  such  violence  to  na- 
ture ehanges  the  feeling  of  natural  and  momentary  resentment 
into  settled  hostility.  The  pertinacious  adherence  to  symme- 
trical evolutions  tones  down  fury  into  veteran  anger,  giving 
rise  to  a  state  of  collected  strength  and  determined  perseve- 
rance, which,  doubtless,  are  more  fit  than  fury  for  the  fetigues, 
and  disappointments,  and  catitious  movements  of  an  effective 
campaign.  Men  arc,  therefore,  made  good  soldiers  by  de» 
stroying  their  natures ;  and  it  seems  to  be  delightful  for  an 
old  soldier,  relieved  from  the  command  to  be  always  in  an 
imnatural  position,  to  find  his  nature  returning,  as  he  wanders 
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about  according  to  his  will.  AffiectioD  comes  back  with 
tuch  freshness,  as  soon  as  recoil  after  the  violence  done  to  it 
is  permitted,  that  an  old  soldier  seems  always  seeking  for  his 
wife  and  children,  though  he  knows  that  he  has  none  to  find. 
Thus  war  is  made  to  glorify  the  gentleness  of  humanity. 

The  rigid  straight  line,  then,  does  not  express  onr  nature, 
1>ut  only  a  passive  and  pure  perception  of  the  nature  of  things, 
which  is  but  a  part  of  humanity.  That,  whatever  tie  its  parti- 
cular form,  which  represents  the  personality  of  the  human 
mind,  must  obviously  be  the  vertebral  column. '  For,  first  of 
all  the  organs,  it  makes  its  appearance  in  the  embiyo,  it  de- 
termines the  subsequent  evolution,  and  retains  supremacy  in 
the  expression  of  personal  appearance  through  hfe.  We  have 
seen  that  when  this  line  is  viewed  as  a  rigid  vertical,  the  head 
being  in  a  conformable  attitude,  and  the  legs  iii' that  position 
which  most  naturally  supports  the  body,'  the  mental  expres- 
sion is  that  of  independent  perception  and  passivebess  to  tfie 
nature  of  things.    One  line,  if  vertical,  is  symmetrical,  when 
considered  by  itself;  it  does  not  exist  in  relation  to  any  other 
line;  the  person  whose  mind  it  expresses,  does  not  live  in  re- 
lation to  other  beings ;  he  is  insulated,  and  unsocial.     But 
when  a  line  becomes  bent,  to  re-establish  symmetry  and  en- 
tireness  of  nature  again,  another  similarly  bent  must  be  found. 
When  the  vertebral  column  becomes  bent,  then,  to  restore 
symmetry  and  beauty,  another  vertebral  column  having  an 
analogous  bend  must  be  brought  into  existence.     The  person 
expresses  now  a  social  nature,  and  is  capable  of  sympathies  or 
antipathies,  according  as  the  cerebral  columns  of  the  two  indi- 
viduals, in  each  other's  presence,  are  parts  of  the  circum- 
ference of  the  same  circle,  or  of  distinct  circles.     As  has  been 
said,  the  circle  (or  symmetrically  curved  line  returning  into 
itself)  is  obviously  the  symbol  of  unity,  entireness,  and  un- 
changeableness.     Two  persons  inclining  towards  each  other, 
are  expressing,  according  to  the  laws  of  nature,  though  un- 
consciously  to  themselves  perhaps,  that  they  are  of  a  social 
and  mutually  dependent  constitution ;  and  the  circle  or  unity 
and  entireness  of  that  order  of  beings  depends  upon  each 
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stoopiBg  to  such  a  degree  as  the  circle  to  which  they  beloiig 
demands. 

Hence  we  see  the  cause  of  that  laughter  which  is  draws 
out  of  us,  when  two  comic  individuals  sitting  opposite  each 
other,  instead  of  inclining  or  retiring  at  the  same  momentf 
move  in  a  parallel  manner*  Laughter  is  the  act  of  our  social 
nature  breaking  down  mihin  ua  for  a  moment,  and  it  is  ex- 
cited by  the  exhibition  of  a  momentary  destruction  of  our 
nature  observed  wMoui  us.  When  one  smiles,  his  mind  is 
at  that  moment  ai^iring  no  higher  than  it  is ;  when  he  laughs, 
his  constitution  is  at  that  moment  falling  down.  Excessive 
laughter  is  as  bad  for  the  mind,  as  it  is  sore  for  the 
If  our  taste  were  quite  pure,  a  laugh  would  be  the  most 
vere  of  all  reproaches  upon  a  representation  of  human  nature 
by  the  sculptor  or  painter.  A  visible  object  which  causes 
laughter  is  always  low,  and  it  is  only  the  worst  of  our  nature 
that  it  can  [diease.  Acoordin^y,  we  may  find,  in  reference  to 
the  carriage  of  the  persons  now  treated  of,  that  laughter  is  ex- 
cited by  a  destruction  of  the  unity  of  the  axis.  In  every  case 
where  a  stoop  is  seen,  our  social  nature  is  drawn  out.  The 
stoop  of  the  Medicean  Venus  and  of  Paul  Pry  both  imply  a 
social  nature,  and  draw  out  ours  instinctively  as  soon  as  we 
look  upon  them ;  but  there  is  a  difierence.  The  Venus  has 
only  one  graceful  bend  forwards,  soliciting  protection  and 
love ;  yet  withal  so  dignified,  that  before  one  dare  to  think 
of  protecting  or  loving,  lie  feels  the  necessity  of  being  worthy. 
By  infusing  so  much  mental  beauty  anc^  grace  of  feminine 
feeling  into  her  attitude,  by  making  the  expression  of  her 
whole  person  lovely,  the  sculptor  has  been  able  to  dispense 
with  much  formal  womanhood,  which,  however  beautiful 
in  life,  is  too  partkular  for  marble ;  and,  except  to  artists^ 
displeases  by  its  unfitness,  when  it  has  the  coldness  and  hard- 
ness of  stone.  In  the  monstrous  character  alluded  to,  on  the 
other  hand,  the  man  of  always  anxious  politeness  is  seen 
stooping  forward,  convoluting  his  hands,  as  if  washing  them 
in  the  streams  of  goodness  which  flowed  from  the  individual 
whom  he  addresses,  his  body  bent  as  if  it  were  broken  in 
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cnl^  InaftWeC  H^  ahris'iit  ilWa[K6irttig['vaftfiy'ted~MlWir  ^Uf^ 
tonal  conceits  in  the  person  be  addMMeii^  diiia  %oricliig  qiiil^ 
againM  hift  own  trirfies.  Constantly  thitming  KtffiMff  mMe  awi 
more  out  of  view,  bj  making  the  man  be  flatt^v  k  ^retfler  iMmI 
a  greater  egotist.  The  Venus  again  addressee  dilr  bUMiniitiH 
and  truly  aocial  nature ;  we  say  that  her  pendh  is  ttMlhiSf 
engaging  and  beautiful,  because  her  attitude  expMMt'qiaA- 
ties  of  mind,  which  it  is  tnore  congenial  to  oiif  uftMrtsl  oMMii 
tution  to  imitate,  than  those  of  the  other  class.  Sudi  i^  tte 
character  expressed  by  the  Medicean  Venus;  but  when  ilie 
flexure  of  the  whole  person  is  increased  beyond  what  she  db^* 
plays,  then  we  have  nymphs  and  figures  which  bettMM  im 
sdicitous  to  be  regarded  by  the  mind  as  beautiTul^  other 
things  remaining  the  same.  When  a  line,  then,  is  a  rigid  per- 
pendicular, the  individual  seems  destitute  of  social  cfaai«cter 
altogether,  having  neither  sympathies  nor  antipathies.  When 
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it  iMtt  one  curve,  aoeUiCy  of  nfllfHe  is  «kme  €xpi«Med,  a 
synpKby  or  anlifMrthy  bmg  amiouiioad  aoeovdiiig  to  the  dH- 
rectieei  irf  the  eoBcwrky  or  coMCKitjr  of  the  ourve.  To  imm^ 
lope  the  «xpreMioB  of  the  soehdily  of  the  himoD  madl,  aod 
yet  fMTMefve  the  eKpwmen  of  iti  ettttrcpwi  of  yu  uuirfil jf 
Mid  hidepeMicot  feding,  it  k  Afieiiely  tiposwery  thtrifem 
to  makfi  m  Ibo  of  deiAle  ouwroturo,  retMmg  lo  moob  of  the 
otreaght  Ikieor  puppfdiuoiy  ^urmge  es  thell  etfll  euileia  the 
expression  of  pure  perception  or  inteiligenoe.  By  sueh  «  stite 
of  Ihmgs,  tihfe  sdHoituig  €JS.p>isdkiU  of  one  pert  4>f  theoxiB  is 
supphitdtod  by  the  %rfthdrairiiig  *expiesnon  of  the  other. 
One  part  indieirtes  ihot  the  penen  seen  inqiMtes  proteotaon 
•ad  albctien  the  other^  that  tirese  feehi^  do  not  oeeupj 
all  the  nnad  arithki,  but  that  the  indeiiendent  part  can  pm- 
teet  the  sentitive  pert;  md  the  whcde intinates  ^at  the  ob- 
server BHMt  be  worthy  of  areeivii^  the  oliject  viewed  nndsr 
ins  pfirteutiott  bcfare  be  darss* 

T%e  eienentary  visible  aoiectf  theiiy  whieh  ospi^ssses  the 
^xmslitatMin  of  the  bianan  nmd,  is  a  Itneof  ^kniUeourvntuio^ 
or  wavmg  line ;  but  it  is  obvious  that  the  two  curves  eannot 
be  aKhes  of  the  same  cifcle  or  cwve^  and  that  the  neutnd 
point  cannot  be  the  ceatpe  of  the  Hne.  For  reasons  whieh 
have  been  lately  given,  when  tracing  the  superficies,  whieh 
egpretssa  amwated  formal  beauty  most  peHectly,  it  ibUows 
that  one  of  the  curves  must  be  more  expanded  than  the 
other,  and  the  neutml  point  must  lie  towards  one  extremity; 
and  this  departure  from  perfect  symmetry,  to  be  most  beau- 
tifiil,  must  be  in  a  very  simple  ratio,  sudi  as  that  of  1  to  f. 
Now  the  curve  thus  traced  out  is  most  perfectly  diqdayed  by 
the  hmnan  cerrbnd  column,  which  fimns  the  basis  of  the 
organisation ;  and  whenever  it  is  seen  eiKering  into  the  coa%- 
poHtion  of  any  object  whidi,  cotuidertd  as  a  whole,  is  calou- 
latcd  to  be  pleasing,— as  expressive  of  the  human  mind,  gende, 
social,  and  intelligent— it  awakens  the  pMception  of  extreme 
beauty.  A  human  form  of  perfect  beauty  may  be  drawn  fay 
roundbi^  off  the  bmate  right-angled  trittigles)  fenaetly  da- 
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aaibed,  in  their  just  poaidons^  and  of  tkeir  jvnt  mgiiiUKleBy 
in.  idatioD  to  the  spine,  by  these  lines  of  double  cmnratiue  and 
their  parts.  It  is  almost  incredible  bow  oAe&  they  aorerepMed 
both  in  the  bones  and  soft  parts;  nay,  not  mdy  do  they  exist 
^whece  they  appear,  but  it  will  be  foimd,  that  almost  every 
..group  of  features  which  is  beautiful  may  be  mctwired  by  one, 
aa  every  mass  of  hght  or  cooqiosition  whidi  is  moat  jAeubg 
xaay  be  measured  by  one  of  the  quadrangular  finrma  of  anina- 
tion  already  described. 

;     It  appears,  then,  that  an  animated  bring,  whoee  eanfa^ 
axis  or  symbol  of  personality  is  a  Tertical  atndgbt  line^  has 
tan  overhead  expression  of  pure  peiveption,  that  is,  knowledge 
of  the  nature  of  things,  truth,  justice,  uprightaefls,  or  that 
character  of  mind,  by  whatever  name  we  eall  it,  whidi  refuses 
.to.  violate  the  laws  of  the  universe,  by  yielding  to  the  'edidta- 
tions  of  some  present  feeling  or  particular  drcumatance.    By 
imparting  a  single  flexure  to  this  axis,  it  loses  its  eatireness; 
.  individual  symmetry,  and  unsocial  beauty,  becomea  imposiible. 
By  imparting  a  double  flexure  in  opposite  directioiu^  indivi- 
duality is- restored  as  at  first ;  but  now  the  ^qpreesioB  of  the 
severity  of  pure  intelligence  is  softened.     The  mind  expressed 
is  no  longer  a  passive  observer  of  the  nature  of  things— no 
longer  a  judge  who  refuses  to  feel  mercy,  because  there  ought 
to  have  been  no  crime.     The  mind  now  expressed  is  social, 
and  feels  the  particular  state  of  particular  things.     The  line 
.of  its  perception  is  curved  into  its  own  spedfic  nature;  and 
.  its  intelligence  consists,  not  in  rightly  perceiving  only,  but  in 
lightly  feeling  also.  *  It  is  no  longer  able  to  judge  o£  tbiogs 
by  the  laws  of  the  universe,  but  according  to  its  own  specific 
laws  of  sensibility,  regulated  by  the  perception  of  truth  and 
justice,  which  continues  to  be  expressed  by  the  ccttitour  of 
Btraightness,  unobliterated  by  the  gentle  flexures  introduced. 
,  When  the  axis  acquires  such  double  curves,  that  its  relation 
to  the  straight  line  is  no  longer  perceived  by  the  mind,  then 
this  expression  of  truth  and  justice  is  lost.     The  mind  an- 
nounced, is  one  of  excessive  sociality,  on  the  one  hand — and 
excessive  pride,  on  the  other ;  for  the  expression  of  sociality 
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aad  independent  or  insulaling  feeling  are  of  coiirae  developed 
in  the  same  proportion,  when  both  curres  sympathize  in  their 
fbnn^*  Such  a  curve,  then,  represents  a  mind  which  is  oon- 
fUntly  disposed  to  interfere  with  the  social  feelings  of  others, 
vhidi  is  of  an  excesayely  proud,  and,  consequendy,  of  a  re- 
sentful and  revengeful  nature^  and  which  has  no  regard  to 
troth  and  justice.  This  character  is  commonly  named  a 
.  Devilp  and  the  curve  which  has  been  described  is  in  the  farm 
of  a  serpent  Hence  a  serpent  is  the  natural  animatfd  sym. 
bol  of  a  devil  V  and  such  appears  to  be  the  history  and  form 
of  the  lines  of  intelligence  of  grace  and  malice. 

Were  we^  in  illustration  of  these  views,  as  to  the  visible 
,  elements  of  formal  and  mental  beauty  and  deformity,  to  se« 
.  lect  any  particular  object  for  examinaUon,  as,  for  instance, 
the  human  countenance,  we  should  find  those  few  prindples 
.  .which  have  been  advanced  constantly  coming  into  play* 
.  1.  That,  symmetry  in  unity  is  the  cause  of  beauty.    fL  That 
formal  and  sensual  beauty  depends  on  the  ezpansion  of  su* 
porficies  of  the  required  shapes.    S.  That  the  exjKession  of 
mental  beauty  depends  upon  the  symmetry  of  lines,  severe 
intelligence  being  indicated  by  the  straight  line,  the  intelli« 
.  grace  and  sensibility  conjoined,  which  constitute  the  beauty 
of  the  human  mind,  by  the  line  of  double  curvature  which 
has  been  described ;  and  absolute  unity  and  unchangeahleness 
by  the  circle.    4.  That  animatbn  by  mind  is  expressed  by 
departures  from  pontions  of  symmetry.     This  last  drcum. 
stance,  whence  the  picturesque  in  scenery  derives  its  origin, 
b  fertile  in  most  curious  results.     Thus  the  eye^  when  sym* 
metrically  situate  in  the  centre  of  the  opening  of  the  eyelids, 
expresses  nothing  but  the  essential  unity  of  mind  arising  from 
the  circular  and  spherical  contour  of  the  eye.     In  this  position, 
it  merely  gives  a  vacant  stare ;  but  as  soon  as  the  symmetry  is 
destroyed  (in  a  vertical  plane,  good)  emotions  are  expressed. 
Thus»  when  the  optic  circle  is  moved  upwards,  our  eye  ex- 
presses hope  and  veneration  ;  when  it  is  depressed  below  the 
position  of  symmetry,  it  expresses  conaiderateness  and  com- 
passbn.     But  the  fact,  that  matter  expresses  a  mote  thorough 
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is  his  amis  and  legs^  the  former  when  in  a  atate  tf  aedolB 
being  exten^d  more  or  less  in  a  boriiontal  direedfm,  ihey  at 
once  increase  the  symmetiy  of  their  persons,  and  probaMj 
grattfy  some  heroic  notions,  by  transfinng  the  cartilage  of 
their  nose  by  a  horiaontal  bone  or  arrowy  and  hangfrom  their 
ears  pendulous  masses,  which,  taken  with  the  tiausveiiie  bone, 
dbirionsly  make  the  head  symrnetrical  widi  the  tnrak,  by 
furnishing  it  with  horisrontally  extended  arms  and  nttxed 
legs.  Moreover,  as  they  do  not  fed  the  Intellecttial  expres- 
sion which  colour  destroys,  they  oorer  their  teses  withpAches, 
and  Jines  of  colour,  of  sudi  forms  and  tints,  as,  were  ^diey  not 
on  a  human  face,  are  directly  oriculated  to  please  the  eye  by 
thdr  beauty,  or  to  exdte  to  rerenge  by  their  ineuugruity. 
All  theae  are  so  many  attempts,  according  to  the  laws  of  na- 
ture, to  derelope  beauty,  the  person  being  considered  as  a 
oMrporeal  mass ;  and  it  is  only  because  they  destroy  wliat  b 
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beauttful  in  the  expression  of  mind,  that  we  are  entitled  to 
regard  such  actions  as  barbarous.  In  the  case  supposed, 
then,  by  Sir  Joshua  Reynolds,  of  the  European  ^*  who  has 
cut  off  Ihs  beard,  put  fidse  hair  on  lits  head,  bound  up  his 
own  natural  hair  in  regular  hard  knots,  as  unlike  natiuie  as 
he  can  possibly  make  it,  and  after  baring  rendefed  them  im- 
moveable  by  the  help  of  the  £st  of  hogs,  has  covered  the  whole 
with  flour  '^"^  and  of  **  the  CSierokee  Indian,  who  has  bestowed 
as  much  time  at  his  toilet,  and  laid  on,  with  as  much  care  and 
attention,  his  red  and  ydfew  ochre  on  particular  parts  of  his 
forehead  and  cheeks,  as  he  judges  most  becoming  ;^— in  this 
case,  the  European  has  done  what  would  make  him  very  ugly, 
and  the  Indian  what  would  make  him  very  beautiful,  if  they 
were  not  men.  Both  are  acting  not  in  any  degree  oaprici. 
ously,  bnt  according  to  laws  of  human  nature,  strongly  felt 
by  both,  though  unsuspected  by  either.  The  European, 
to  make  his  form  expressive  of  mental  acutcness,  and  to  show 
hb  penetration  by  mind,  has  diminished  the  natural  symmetry 
of  his  person,  and  by  so  doing  has  shewn  that  there  is  some- 
thing wrong  in  his  perceptions ;  for  were  it  not  so,  he  would 
find  that  the  human  form,  in  the  grandeur  and  beauty  of  its 
natural  development,  is  more  fit  than  in  any  other  state 
to  express  at  once  the  amiableness  and  intelligence,  the  god- 
like gentleness  and  dignity,  of  uncomipted  human  nature. 

With  regard  to  the  relative  beauty  of  the  two  sexes,  it  is 
obvious,  according  to  the  views  here  advanced,  that,  inde- 
pendently of  all  masculine  partiality  for  it,  the  female  possesses 
more  formal  beauty  than  the  other  sex,  for  the  superfides  are 
more  perfectly  expanded,  the  whole  contour  is  more  wavy,  and 
the  tints  more  beautiful.  In  studying  costumes,  then,  the  best 
opportunity  of  comparing  these  views  with  nature  is  obtained 
by  having  regard  to  those  of  females ;  and  if  this  be  done,  it 
will  always  be  found,  in  every  age  and  nation,  that  where 
beauty  of  perscHud  form  is  diiefly  regarded,  and  bdumour 
is  all  that  is  demanded  for  intelligence  and  virtue,  the 
costume  becomes  extremely  florid,  every  prominent  feature 
being  surmounted  with  some  salient  and  symmetrical  lace- 
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work  or  plumes  which  fills  the  eye  with  beauty»  aod  permits 
the  mind  to  forget  the  iatellectual  esteem  which  b  due  to  the 
b^Dg  from  whose  naturally  graceful  carriage  the  nmid  of  the 
observer  is  led  away  by  a  show  of  fasciBatiDg  superfidsl 
beauty.  But  a  lady  in  a  very  florid  and  aymmetiical  dnesB^ 
however  fasdnating  she  may  find  herself  to  be,  ia  only  aChe- 
rokee  goddess.  Whatever  gives  much  formal  beauty^  takes 
away  from  the  possibility  of  much  mental  expresdoo.  A 
prince  or  a  peer,  invested  in  all  the  beautiful  inagnia  ai  his 
rank  and  order,  if  considered  as  a  single-handed  man,  is  by 
no  means  so  formidable  as  a  monkinhisoouly  <Nr  an  unsbavos 
radical  in  rags. 

Colour,  because  it  belongs  to  superficies,  is  capaUe  of 
alting  formal  beauty  in  a  high  degree;  but,  for  the  same 
son,  it  is  incapable  of  expres^ng  mind.  Nay,  even  though 
the  tint  vary  frequently,  still  if  there  be  not  lines  developed 
on  which  the  mind  may  spontaneously  settle,  no  ajppearaooe 
of  mental  expression  ensues ;  and  if  none  of  this  be  gained, 
while,  at  the  same  time,  the  attention  of  the  observer  is  at- 
tracted to  the  new  feature  added,  some  of  the .  expressioa 
which  depends  on  the  other  features  must  be  lost.  The 
theory  now  advocated  (that  the  feeling  of  beauty  is  propcnr- 
tional  to  the  perfection  of  the  sensorium  during  the  tune 
of  the  sensation,  or  to  the  ease  witli  wliich  the  form  or 
colour  of  the  external  object  is  imitated  in  tlie  radiant  tissue 
of  the  brain),  enables  us  to  anticipate  what  colours  roust  be 
most  beautiful  and  serene,  what  most  ugly  and  disturbing. 
The  atomic  movements  by  which  green,  blue,  azure,  indigo, 
and  violet,  are  conducted,  being  less  violent  than  those  by 
which  red,  orange,  and  yellow,  are  conducted^  the  former, 
when  seen  by  themselves,  ought  to  be  more  beautiful  than 
the  latter.  Those  colours,  also,  ought  to  be  most  beautiful, 
when  viewed  in  juxtaposition,  which  belong  to  analogous  re- 
gions of  the  chromatic  axis ;  for  the  symmetry  of  a  chromatic 
display  demands  this  arrangement ;  and  it  has  been  already 
shown,  when  treating  of  vision,  how  great  an  effort  the  eye 
makes  when  viewing  an  object  of  one  colour  to  generate  its 
complementary  colour  in  juxtaposition  with  it.     From  this 
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circamstanoe,  the  whole  suite  of  coloars  may  be  made  beantt- 
ful,  mmply  by  placing  such  as  are  less  pleaong  in  their  true 
relationships  to  such  as  are  beautiful.  TIius,  orange  viewed 
akme  may  be  displeanng,  but  let  a  larger  surface  of  an  indigo 
tint  be  laid  beside  it,  and  forthwith  the  orange  seems  beau- 
tiful, because  orange  and  indigo  are  sjrmmetrical  or  coosecu- 
tire  cdours,  during  the  viewing  of  which  the  eye  is  in  a  very 
perfect  state.  In  the  same  way,  scarlet,  viewed  by  itself,  is 
a  hot  uneasy  colour ;  but  a  blossom  of  this  tint,  surrounded 
by  Uue-green  leaves,  is  very  rich  and  plearing.  Crimson, 
by  itself,  excites  inferior  admiration  to  that  which  it  awakes 
when  seen  on  a  cloud  expanded  on  a  field  of  azure.  Thus 
two  consecutive  cdours  placed  together  mutually  exalt  each 
«tfier.  A  colour  which,  when  seen  by  itself,  is  beautiful,  has 
the  power  of  brining  into  favour  a  displeasing  one  when  in- 
trcxluced  along  with  it :  while  that  inferior  tint,  in  its  turn, 
elevates  the  charms  of  the  beautiful  one  to  which  it  owes  its 
irnn  ability  to  please. 

Music  serves  admirably  well  to  illustrate  the  same  pheno- 
mena. Those  who  paint  their  faces,  wear  large  ear-rings  and 
nose-jewds,  thus  proving  themselves  alive  to  the  feeling  of 
pbyrical  beauty,  but  dead  to  that  of  mental  expression,  ought 
obviously,  if  they  have  music  at  all,  to  have  very  symmetrical 
music,  consisting  of  pulses,  bearing  to  each  other  the  most 
mmple  proportions.  Accordingly,  we  find,  that  the  rudest 
mum  (when  not  connected  with  the  excitement  of  war), 
oonrists  of  monotones,  thirds,  fifths,  and  octaves,  recurring  at 
regular  intervals,  in  perfect  keeping  with  anticipation.  The 
music  of  civilized  nations,  agmn,  to  be  most  gratifying  to  their 
state  of  perception,  must  have  the  perfect  harmony  and  equa- 
ble pulsation  of  the  notes  destroyed  to  a  certiun  extent,  and 
one  note  must  be  made  to  run  into  another,  to  produce  the 
effSect  of  a  line,  and  develope  mental  expression.  Accordingly, 
we  find,  that  polite  music  consists  of  two  parts  working 
against  each  other,  the  one  calculated  to  sustain  the  emotion 
of  beauty,  the  other  to  give  the  expression  of  mind  to  the 
composition.  The  symmetrical,  or  rimply  beautiful  harmonic 


606  BEAUTY 

pulsation,  is  retained  as  the  fundamental  part  or  the  bass. 
Over  this  there  is  laid  an  ever-varying  chant,  wluch  o(leDi  in 
the  compass  of  a  few  seeonds,  run^  over  the  chroiD«tic  sfxile. 
The  bass  (and  of  course  the  chant  also,  when  it  becomfs 
simple  and  symmetrical)  makes  the  mv^  capable  of  |d^og 
the  ear :  the  chant  is  the  vocal  pantooiin^c,  to  which  we  owe 
our  interest  in  the  opera. 

As  might  naturally  be  expected,  the  [Aenomena  of  expies- 
ave  music  are  merely  repetitions  of  those  of  speech,  in  a  sort 
of  universal  language ;  and,  by  a  umple  inspecUoo,  we  Jvaay 
see,  that  the  lines  of  tone,  having  certain  expresuoD^  have  the 
very  same  form  as  the  cerebral  lines,  which  we  have  already 
traced,  that  have  the  same  expressions.  Thus,  it  baa  been 
shewn,  that  a  straight  axis  of  the  attitude,  which  involves  tha 
repeUtion  of  many  parallel  and  transverse  straight  lines,  such 
as  that  of  the  nose,  the  mouth,  the  horizontal  axis  of  the 
eyes,  a  quadrated  contour  of  head,  &c.  is  expressive  of  a  gnuid 
unsocial  mind.  Accordingly,  it  may  be  remarked,  that  such 
characters  usually  speak  monotonously.  Every  onq  feel% 
too,  that  the  sustained  monotonous  ringing  of  one  church 
bell  is  grander  than  the  same  quantity  of  sound  produced  by 
a  chime.  The  opening  of  an  overture,  also,  in  a  succession 
of  monotones,  to  which  new  sounds  are  gradually  added,  is 
more  grand  than  any  other.  In  like  manner,  it  might  be 
shewn,  that  waitings  and  plaintive  airs,  triuuiphant,  gay,  and 
satirical  sounds,  are  produced  by  tones  proceeding  along  tiie 
very  lines,  which,  when  embodied  in  the  human  form,  convey 
the  some  expression.  Thus,  were  a  line  drawn  through  the 
series  of  notes,  which  represent  a  wailing  sound  on  paper, 
that  line  would  also  represent  a  mouth  (the  external  organ  of 
speech),  expressing  sadness.  Graceful  speech  would,  in  like 
manner,  give  waving  lines,  like  those  which  have  been  shewn 
to  express  human  nature  in  its  more  amiable  and  intelligent 
state.  So  perpetually  do  these  lines  recur,  that  there  are  at 
least  four  developed  in  the  form  of  every  well*  modelled  mouth, 
along  with  one  or  two  permanently  smiling  lines,  on  the  lower 
confines  of  the  under  lip.  Excessive  range  of  intonation, 
again,  is  obviously  analogous  to  the  serpent  curve ;  and,  al- 
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tbough  the  science  of  the  sendUe  expressioo  of  miod  can  only 
be  truly  ttndied  firom  the  exbibitiom  of  the  pttnler,  the  suu 
tuftiy,  aaci  the  player;  yet,  at  to  ita  apfili^alidn  to  Hlii^  tbia 
favancht^  tbeaamegcnend  laws  of  embodied  expmdcai,  wbkh 
iadrrebped  by  ^>eecb,  teema  to  guide  ua  fuUy  aa  often  to 
the  truth  aa  the  ittdieatiena  of  atUtude  and  phynogDomy. 
The  latter  we  do  not  fovget  to  attend  to,  auikiog  them  ex- 
pretB  what  we  wish  to  be  eateemed,  rather  thaH  what  we  truly 
are  within ;  bat  our  qwech  15  always  apt  to  betray  U8.  A  man 
of  mainuathig  serpentine  intonation  of  yoke,  announoea  by  his 
feonca,  that  there  ia  an  excesa  of  social  fediog,  and  a  want  of 
the  natural  feding  of  justiee  and  uprightneas  in  hia  constitu- 
tion,  more  truly  than  if  all  the  lines  of  his  countenance  were 
Mrtuoiis  together. 

Aoootdii^  to  theae  remarks,  (moat  hurriedly  announced) 
the  art  of  the  sculptor,  punter,  musician,  player,  depends  upon 
the  use  of  a  few  general  fermulse,  according  to  the  artistes  con« 
oeptkm  of  hia  subject,  and  knowledge  of  the  laws  of  nature. 
But,  it  la  obi4ou8  that  the  yiews  advanced  are  incomplete,  if 
dMy  do  not  explain  the  beautiful  in  architecture  abo,  for  it  ia 
mdisputable^  that  besidea  fitness  as  a  temple,  a  dwelling. 
place,  or  a  monument,  a  piece  of  architecture  may  range  be- 
tween beauty  and  ugliness,  just  like  any  other  oli^ect  that  af. 
fecta  our  taste  at  fl%ht    Now,  nnce  the  feeling  of  sensible 
beamy  depends  upon  the  capacity  of  the  senaoriiun,  to  imi- 
tate or  represent  the  external  object  which  excites  the  sensa- 
tion, it  fellows  that  we  may  anticipate  what  s^les  of  architec 
ture  shall  be  most  beautiful,  by  viewing  the  senaorium  itself 
m  an  architectural  modd.     Analysmg  it,  then,  we  find,  aa 
haa  been  already  done,  that  it  consists  of  a  multitude  of  sur- 
feoes,  which  are  equilateral  triangles,  and  of  lines  which  are 
parallel  and  croas  at  right  angles,  and  of  individual  parts, 
which  are  of  course  pyramids.    There  ought,  therefore,  to 
be  three  beautiful  styles  of  architecture;  first,  the  rhomboidal^ 
in  which  the  eye  fixes  upon  the  areas,  whidh  ans  parts  of  equi- 
lateral triangles;  secondly,  the  priawudiCf  in  which  the  mind 
fixes  upon  the  Hues,  which  cross  at  right  angles,  the  areaa 


^em 


being    merely    rectangular  inlerct^uinnalioM ;    thirdly,  <b 

pijranddul,  or  tUt  which  \*  lA'  all  the  siiiiplt»t  and  tnuM  mdi- 
iiienliiry,  and  might  be  rcgartlcd  as  the  iirnii-rbonAoicW. 
The  riwrnboidal  and  pyramidal  style,  acctn^lng  to  the  views 
already  advanced,  in  so  far  as  an  edifice  a  piiicly  of  this  kind, 
niu»t  only  express  formal  beauty  witliout  iiitntoi  cxpreasjon. 
The  prismatic,  for  a  like  reason,  must  possess  the  beau^  of 
mental  expression,  of  which  the  pyramidal  alto  beconm  cm. 
pabic,  when  llie  trianpiilar  stirtate  aeccnds  into  the  obcliak. 
The  maxJmum  of  beauty  in  all  of  titem,  must  dep<sid  upon 
that  bleiidiDg  of  the  beanty  of  mere  form,  and  ilial  of  mental 
expression,  which  is  conformable  to  the  luiurc  of  man,  who.  ■ 
Itas  both  an  eye  to  respond  to  visible  fomiE,  and  a  mind.  MM 
respond  to  mental  beauty.  In  the  rhomboidal  and  pyran]id|||P 
styles,  therefore,  as  tliey  express  mere  formal  beauty,  tlie  fflC*"* 
pression  of  mental  beauty  must  be  gained  by  accessories  Xo 
the  edifice  ;  while,  in  liie  priamatio  style,  the  Ix'auty  of  men- 
tal expression  is  embodied  in  the  mass  of  the  edifice  itaelf. 

Now,  in  harmony  with  tliesc  three  styles  of  architecture  dis- 
played by  the  sensorium  wtthlii,  vre  find  that  mankind,  xefc^ 

gniiid.M^  at  vntttwMctiWthB  \  Bg^yti»<*;  urtattlj  Hip= 
Gredso,  and  the  Gothic;  ilnihe  miaA'»mma\Ham0n4£4itt 
spedes,  iiliiiii.  tii  jiirjfcn  fmm  thrii mlninhli  inlni^i'Wj  ihii. 
huaun  senaoriatn  Memalto-have.-had  a  finim<t£St«M'tiNui«t^ 
present,  and  to  have  been  leiBiiiMier'the.'iaflii«icei<)f-i>lEllij' 
geoctf,  looi,  ^bwilb  edifices  ^unobnacdDady  iw.daamamy  -J#kh 
llieiF  own  organiiatiom.  Just  ai  ereiyDaDimithactai'ipCwal 
instinct nbdch  pttmipts  ittoibeiurroundedwitbcatnkflinW)  . 
bavii^  some  tcla^onebtp  to  ita  organiution  wtMsr'tlMW'My 
other  forms  v^ao  man,  seeningly  under  the-influePctfafaoiM— ? 
tural  likiD|{  to  such  forms,  surrounded  tumsclf^^oth^^jnunid^ 
and  pyramidal  fmsta,  aad,  in  bismomtnts'  iiF  iiUjiilinl  fnl 
ing«  placed  himself  ontripods^  orfrustular  tetraedraJ<-4t  nwf 
be  said  that  this  is  very  fanciful,  and  Iwill'  not-  dilute  il, 
because  it  is  with  the  fbct  only;  and  sot  tbe'tfibuy  of  "the 
pheBomoMit,  that  we  have  to  do;' and,  certmily,  nnrast-be 
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admitted,  that  the  Egyptitm  alyfe  aoooids  perfeetfy  with  our 
antidpatUMiB  of  the  pynunidal  style  of  ardiiteetme.  Its  iui» 
fitiMM  at  the  surface  of  the  earthy  however,  for  the  constnio* 
tioD  of  hollow  buildings,  soon  gave  oocaskm  to  its  being  da^ 
parted  fram,  and  to  the  substitutioa  of  perpendicalar,  instead 
of  sk^ng  walls.  Upoa  this  anrangement  also,  to  whisb 
pcdbabljr  coQsiderations  of  iknsss  led,  a  more  perfect  dia« 
plajr  of  beauty  may  be  induced  thaa  the  first  ;^  and  what  is 
remarkable  enough,  almost  every  feature  of  beauty  in  tfab  • 
$tyle^  may  aho  possess  an  aochitectural  fitness.  By  faringiB|f 
the  pyramidal  or  Egyptimi  style  into  a  state  of  fitness  (the 
building  being  supposed  a  shelly,  with  the  action  of  gravita^ 
lion,  it  passes  into  the  prismatie  or  Gkecian«  This  style  eon* 
sists  of  vertical  and  horizontal  parts,  the  pediment  alone  •»» 
taining  on  the  great  scale  the  combinations  of  the  pynmiidal 
style.  Its  symmetry  is  consequently  thai  of  lines^  and  its 
beauty  that  of  mental  expression.  A  Grecian  temfde,  when} 
entirei  and  surrounded  by  its  columns,  ia  a  sanetuary,  suiu  • 
rounded  by  a  marshalled  host  of  upright  worshippers  of  na* 
tiu^  Symmetry  givesit  beauty  as  a  mass  of  stooe-work ;  but  * 
as  mental  expression  is  gained  by  departures  from  8ymnietry» 
and  as  every  column,  taken  by  itself^  has  the  expressioa  of  aa^ 
iDtalligsnt  and  firm  being,  when  thrown  into  ruins  and  its 
symmetry  destroyed,  a  Grecian  building  gains  in  grandeun 
what  it  loses  in  beauty.  Thus  every  downfall  bringalife  lika 
dust  upon  the  ruins  which  vemain^ 

The  oiroumstance  that  the  beauty  of  the  Grecian  aacbiteok 
turedepends  upon  mental  expression,  and  not  on  mere  es«' 
paoded  form,  renders  it  capable  of  being  reduced  to  afanost 
aay  sise^  without  changing  its  expression,  or  destroying  its  ' 
grandeur.     If  a  Grecian  building  be  as*high  as  a  hunsan 
figure,  nothing  but  vastness  is.  lost  by  thie  reduction.     Tha^ ' 
expression  of  the  Grecian  model  is  the  same  as  that  of  tha* 
actual  edifice  ;  it  is  at  all  times  also  perfectly  intellectual 
and  pure;,  for  the  expression  of  sensuality  depends  upon 
the  beauty  of  expanded  superficies.    It  is  also  independent  of 
all  accessories  buW  ground  to  stand  upon.     A  git>up  of  GiVn 
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mo  buildingt  is  at  oace  a  place  of  laipUay  of  gro^Fmf  mi 
^  Btaiues.  From  these  curcumalMcai,  then,  wm  ai^  anbM 
t0  8te  how  well  it  belonged  to  the  AtheniaM^lp  d&wiloprtaefc 
a  8t  jle  of  avchitectiire* 

9m  far,  ibeRt  ibr  the  pfnanidal  aMk  the  piiaMiMie  itjrie^ 
\fm  whete,  it  may  be  asked,  are  we  to  find  the  rfaoiAosdst, 
or  that  whose  beauty  dqiends  or  its  areas,  aad  wbidiy  exeh- 
sive  of  aecessories,  is  destitute  of  mevta)  egpreaaioa  ?  The 
Gothic  styfe  suppliee  every  quality  whieh  we  ewuld  awticipale. 
Hie  individual  parts  of  it  belong  to  the  order  of  the'kaleido. 
sfope*  The  an^es  developed  everywhere  oie^  as  iiewiy  m 
isf  ocmsistent  with  fitness,  those  of  the  kmenge.  The  whole 
of  ks  beatify,  therefore^  depends  upon  aceessoriea  and  wpfll- 
ingst  for  the  linee^  viewed  as  sueh,  are  unsywaietricaKy  relalid^ 
and  are  unpleasing.  The  mere  skeleton  of  a  Gothie  cathe- 
dral is  nothing  better  than  an  iron-Kke  cage  fbr  keeping  diy 
bones  and  relies  in,  owing  any  grandear  it  maypoMess  vere- 
}y  to  its  vastness  and  the  necessity  enforced  bj-  gravitation, 
when  the  body  of  building  is  great,  €jf  developing  coluniMir 
masB^  and  parallel  hnes.  When  a  Grothic  building  is  left 
without  florid  upfillings  in  its  arches  and  areas,  the  eye  looks 
convpletely  through  it,  and  it  is  merely  something  standing 
between  us  and  the  sun.  But  the  case  is  very  different  when 
the  rhomboidal  style  is  preserved,  only  in  the  details,  becoming 
as  it  were  drapery,  and  the  building  as  a  mass  is  formed  of 
two  transverse  sets  of  columns,  and  reared  up  to  a  towering 
elevation.  The  florid  and  beautiful  forms  seen  on  every  region 
which  the  eye  may  fix  on,  make  that  region  beautiful,  while 
the  columnar  vertical  lines  displayed  by  the  towers  and  spires 
infuse  mental  expression  into  the  whole.  The  mind  em- 
bodied is,  however,  far  away,  compared  with  that  seen  in  the 
Grecian,  and  the  excess  of  parallel  and  want  of  transverse 
lines,  deprive  a  Gothic  building  of  the  expression  of  unity. 
This,  however,  would  enable  it  to  gain  the  picturesque,  if  the 
prevailing  symmetry  did  not  prevent  it.  It  has  been  said, 
that  any  part  of  a  Gothic  building  in  the  florid  style  is  beau- 
tiful when  viewed  by  itself     But  the  beauty  being  that  of 
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Rymmetriail  supetfloies,  is  so  oold  and  waiuBiate,  that  one 
majr  observe  coDStant  attempts  to  superioduee  animated  fonas 
Tbus  ewery  where  there  are  nicbcsy  which  ^her  oontain 
statues,  or  are  supplied  with  them  by  the  mind  of  the  ol^ 
server,  which  has  indeed  even  a  better  effect  in  unpai>ting 
mkoitA  expreiakm  to  the  part  of  the  building  observed  than 
if  the  fttataei  were  present;  for  in  that  case  we  are  apt  to  eoDi- 
deose  all  our  perception  of  expression  upon  the  statue,  and 
ka«e  the  surrounding  mass  as  cold  and  unconscious  aa  be^- 
fbie.  In  the  upfillingB  of  windows  also,  we  can  oooataBtly 
%ntcm^  espedallj  when  the  Gotbio  ityle  is  jusi  emergii^  from 
die  Saxon,  areas  wbose  forms  have  a  very  tcdenin  expression 
to  those  who  have  inspected  the  hollow  ^tone^ceiflBttS  which 
Ime  mush  in  use  at  that  Ume^  and  arei  c}uite  similar  to  thpe^ 
in  or  around  the  windows  alluded  to.  As  tbe  style  of  the 
architecture  improves,  we  may  also  observe  that  th^  iioes  pf 
these  sepulchral  fcmns  are  purified^  and  a  coontant  tendency 
may  be  discovered  towaeds  the  introdui^tioa  of  the  quad- 
rangle of  aainuitioo«  composed  of  t«Ho  rightrangled  triangle 
laid  together  by  their  hypothenuses,  as  baa  been  already  de- 
acnbed. 

Buty  slaU,  with  all  these  accessories,  a  Gothic  building,  un- 
kas  its  mass  be  very  vast,  is  apt  to  be  looked  through  instead 
of  looked  at«  It  still  wants  scenery ;  to  be  where  it  ought, 
it  must  be  seen  among  mountains  and  lakes,  and  assure  and 
douda,  and  ^^  bosomed  Ugh  in  tufted  trees.^ 

The  Cfothic  style  is,  in  architecture,  just  what  richness  of 

dress  is  m  drapery.     Hence,  we  see  that  it  naturally  rise^  out 

of  an  age  of  great  chivalry,  as  the  Grecian  does  out  of  an 

age  of  great  inteUigence.     Under  tho  influence  which  the 

emotion  of  physical  beauty  inspires,  the  gallant  kni^t  knows 

no  fear,  nor  can  find  enterprises  great  enough  to  shew  the 

ceid  of  his  love  and  admiration.     Transferring  this  emotion 

to  neligioo,  he  sets  on  foot  a  crusade  against  infidels  or  stone- 

quanries,  and  rescues  the  holy  sepulchre,  or  builds  a  moat 

m^estic  cathedral^  among  the  recesses  of  which  I)e  may 

tremble  on  his  knees,  in  the  presence  of  some  petty  ecdesias- 

Qqft 
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tic,  who  has  intelligence  enough  to  know  how  to  assuoic  the 
aspect  oT  grandeur  of  character.  Hence  we  see,  that  bs  the 
Grecian  is  most  fit  for  modem  purposes,  so  is  the  Gothic 
most  unfit.  The  btter^  when  it  loses  its  vastness.  loses  its 
grandeur ;  when  it  ceases  to  be  ficmd  it  ceases  ta  be  beautiful. 
And,  certainly  all  modem  attempts  to  sustmn  the  Gofliic 
style  are  either  very  ugly  (although  perhaps  the  devationi 
on  paper  was  pleasing  enough),  or  else  they  are  merely  Oetj 
pretty,  having  to  sustain  their  character  of  beauty  against  a 
want  of  grandeur,  and  a  feeling  <^  unfitness  and  uselessoess 
in  many  of  the  details  of  the  buikRng.  Let  it  not  be  de- 
nied, however,  that  a  Gothic  cathedral  of  suffideot  vastnesSt 
and  with  all  its  accessories,  is  at  once  grand  and  solemn,  and 
very  beautiful;  and  that  it  should  have  such  a  charactei^ 
even  to  an  extent  of  which  the  Grecian  is  quite  incapable, 
fully  appears  from  these  principles  of  taste. 

The  three  styles  of  ornamental  architecture  which  have  now 
been  mentioned,  have  undeygone  disBges  suitable  to  the  de- 
velopment of  the  minds  of  the  people  who  built,  but  they 
are  the  central  forms  from  which  the  others  are  only  to  be 
regarded  as  departures  produced  by  particular  circumslao- 
ces.  Thus  the  Romans,  having  a  demand  for  vastness  and 
strength,  applied  the  semicircular  arch  to  the  Grecian  style, 
and  to  compensate  for  the  loss  of  beauty  thereby  sustained, 
added  a  greater  quantity  of  florid  work.  The  Saxons  being 
in  a  state  in  which  mere  sensorial  beauty  is  alone  perceived* 
embellished  their  columns  and  arches  with  zig-zag  lines  and 
lozenges ;  while,  in  the  age  of  chivalry,  the  western  Europeans^ 
still  more  alive  to  sensorial  beauty,  and  stiH  more  regardless 
of  fitness  and  mental  beauty,  applied  the  lozenge-angles  to 
the  arches  themselves. 

These  views  might  be  extended  to  a  gi-eat  length,  and, 
however  far  extended,  every  statement  would  be  found  an  il- 
lustration of  the  position,  that  the  mind  experiences  an  emo- 
tion of  beauty  when  the  atomic  movements  in  the  sensoriuro, 
excited  by  the  external  object  said  to  be  beautiful,  are  in  har- 
mony with  the  quiescent  parts  and  natural  constitution  of  the 
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tensoiium,-— when  the  form  of  the  external  object  can  be  um* 
tated  in  the  excited  parts  of  the  sensorium,  without  demandii 
hig  a  state  of  incongruity  between  the  excited  parts  and  thoae 
which  continue  in  a  state  of  repose,— when  the  visible  or  mu« 
dible  dbject  without  is  ^ea»ly  modelled  in  the  nervous  tissue 
within.  Hence  it  is  obvious  that  some  objects,  considered 
merely  as  forms,  seem  less  beautiful  than  others^  only  because 
they  depart  farther  from  the  constitution  of  human  nature  as 
it  is  now.  Could  we  only  take  a  disembodied  and  impanial 
survey  of  creation,  doubtless  every  thing  winch  had  not  some 
unfitness  in  it  would  be  most  beautiful.  It  is  impossible 
therefore  for  us,  while  communicating  with  the  external  world 
by  our  present  sensorium,  to  form  any  just  conjecture  as  to 
the  absolute  amount  of  created  beauty  that  may  be  perceived 
by  our  mind,  had  that  mind  the  power  to  enter,  as  it  were, 
into  the  oliyect  contemplated,  or  to  derive  a  sensorium  from  it, 
possessing  the  posability  of  bdng  perfectly  modelled  after  it. 
Therefore  it  is  evidendy  absurd  in  man  to  disestcem  any 
object  in  citation  which  has  fitness  for  its  own  existence;  or 
to  say  that  it  is  unworthy  of  a  Supreme  Creator,  because,  for- 
sooth, it  does  not  awake  the  human  emotion  of  beauty.  A 
man  may  jusdy,  in  such  circumstances,  say  that  such  an  ob« 
jcct  was  not  created  to  please  him,  but  that  is  all.  How  amu* 
Mng,  then,  would  it  be  to  an  angel  to  find  a  human  being  in* 
dnuating  (as  many  philosophers  virtually  do)  that  the  uni. 
verse  ought  to  have  been  constructed  according  to  his  own 
particular  taste  !  What  a  comic  display  of  greatness  to  see 
the  biped  stepping  out  and  measuring  off  the  heavens  and 
the  earth  by  the  dimennons  of  his  own  private  encephalon  ! 
It  b  ours  to  discover  what  exists,  to  mingle  in  nature  and  be 
happy.  To  be  dissatisfied  with  any  thing  but  ignorance  and 
crime  indicates  a  leprous  state  of  mind,  unfit  for  a  dwelling- 
place  in  creation ;  but  the  man  who  ventures  to  suggest  that 
tilings  should  have  been  otherwise  than  they  are,  is  delirious 
with  a  fever  of  ignorance,  in  which  he  dreams  and  dreams,  and 
peoples  space  with  monsters,  while  the  vampiro-wings  of  his 
sickeniag  spirit  cover  his  eyes  from  all  the  beauties  of  heaven 
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and  eartb.  None  suffer  so  much  from  the  evils  of  ignorance 
as  those  who  are  most  ambitious  <^  excessive  knowledge,  and 
it  b  truly  melancholy  to  see  what  a  maze  <^  mysteries  men  of 
pretensions  to  science  often  involve  themselves  in  as  to  the  na- 
ture of  things,  losing  perception  even  of  the  most  obvious  and 
important  truths,  which,  like  air  and  water,  are  common  bless- 
ings and  the  inheritance  of  every  peasant 

But  what  is  to  be  said  of  moral  beauty  ?  Having  shewn  that 
the  feeling  of  sensible  beauty  arises  from  the  nidus  of  the 
mind,  adapting  itself  to  tlie  form  of  the  object  named  beau- 
tiful, it  is  obviously  to  be  inferred,  that  when  we  are  under 
the  influence  of  the  feeling  of  mental  beauty  not  pictorial,  our 
mind  itself  is  imitating,  or  becoming  assimilated,   to  that 
mind  which  is  possessed  of  the  beauty  we  admire.       We 
have  seen,  however,  that  in  the  organic  apparatus,  the  con- 
sciousness that  we  are  imitating  is  disguised  from  us ;  and 
just  so,  while  admiring  moral  beauty,  the  fact   that  we  are 
submitting  to  an  assimilation  to  that  which  we  admire  is  dis- 
guised also.     To  explain  this,  it  is  necessary  to  remark,  that, 
when  we  admire  an  object  of  moral  beauty,  being  of  a  social 
nature,  we  wish  to  become  associated  with  the  object  admired, 
rather  than  be  at  the  particular  pains  of  establishing  the  ad- 
mirable qualities  in  ourselves.     Such  admiration,  seconded 
by  this  social  desire,  constitutes  Love^  all  whose  promptings 
are  so  many  guides  to  a  personal  imitation,  and  to  the  inter- 
nal possession  of  the  moral  qualities  beloved  ;  for  love  invaria- 
bly prompts  to  please  the  object  loved ;   and  how  are  we  to 
please  that  object  but  by  acquiring  those  feelings,  and  doing 
those  actions,  which,  being  observed  in  the  object  loved,  please 
us  ?    Thus  the  institution  in  our  own  mind  of  that  which  we 
deem  beautiful  immediately  ensues.     The  imitation   is  dis- 
guised from  us  by  the  interposition  of  a  benevolent  feeling,  a 
wish  to  make  the  loved  object  happy  ;  but  that  circumstance 
does  not  take  in  any  degree  from  the  accuracy  of  the  imita- 
tion.   Thus,  by  loving,  a  mind  becomes  amiable.    The  moral 
qualities  admired  in  another,  while  they  seem    to  continue 
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^Kteriwl  duriflg  aU  the  time  of  our  aduumtkni,  mhI  to  be 
|KMses8ed  by  the  oi^eot  admired  alone,  are,  in  realitj,  by  tbe 
contiouaooe  of  our  affeotion,  and  of  the  activities  to  which  k 
leads,  germiflHting  in  our  own  breasts,  whidi  they  are  aUe 
to  fill  with  blossoms,  though  the  spirit  were  left  to  derive  all 
its  hapfHiiess  from  its  own  resources. 

This,  then,  is  the  sum  of  the  whole  matter,  and  dse  cliflsaK 
of  the  mind's  action.  Tbe  love  of  Ood  who  is  the  inveailnr 
of  happiness,  whose  £Baenoe  is  the  treasury  of  goodaees, 
whose  Eye  is  die  fountain  of  beauty,  is  the  mechaniflm  by 
which  we  grow  in  goodness,  and  oonsequcntly  in  happi- 
ness. And  fdhen  shall  the  em  coase  whm  tbe  attaluius  fair 
the  mind's  activity,  according  to  this  constitutiDU  <if  thndgs, 
shall  be  over,  so  that  it  shall  fall  into  a  state  of  sbep  mnid  uH- 
consciousness  P  Matter  imitales  fimii  which  is  a  limitod  and  a 
definite  thing,  to  which  any  mass,  if  not  pwvenitiid,  may  be 
perfectly  assimilated;  and  thus  the  whole  material  universe 
may  be  conceived  in  time  to  arrive  at  a  state  of  stillness  and 
silence,  and  entire  inaction :  the  imitative  tendency  towards  the 
perfect  form  may  terminate  in  universal  identity,  fiut  the 
Perfect  Mind  is  infinite,  and  no  created  mind,  being  likened 
unto  him,  can  ever  bring  it  to  pass  that  there  shall  be  less  than 
an  infinite  amount  of  moral  beauty  remaining  to  be  imitated 
still.  In  the  ages  of  eternity  a  finite  mind,  dwelling  in  the 
presence  of  Grod,  may  receive  continual  accessions  of  goodness, 
and,  consequently,  of  happiness.  But  tbe  infinite  glory  of  the 
Divine  Nature  must  always  expand  in  advance  of  a  crcature^s 
power  to  perceive  it ;  and  the  streams  of  happiness  out  of 
which  a  blessed  spirit  can  have  drunk,  reckoning  back  from 
any  most  distant  age  of  eternity  to  the  day  of  his  birth,  when 
his  father  first  smiled  on  him,  and  his  mother  embraced  him, 
must  be  a  number  too  small  to  be  compared  with  the  fountains 
which  still  remain  even  then  with  unbroken  seals. 

A  perception  of  Truth,  Conscience,  and  the  Love  of  God, 
then,  is  the  trinity,  in  whose  equal  presence  in  the  heart  the 
unity  of  our  mental  constitution  consists.  Wherever  one  or 
other  of  these  three  is  weak,  or  wanting,  the  mind,  though 


"Jt'ir^ 


ikifthtt  tmA  ki  MBigt,yit)mUk  left  to 

ii%.lw;<hB  «i;pwieaee  at  iIm 

liilMi  r  Ar  it  k  obmoify  ooBtHay  to  liie 


Aat  Ae  nmmUSSMm^mof  fcHu»^lwte<f 


^^■■BB  -^Bm  wDBDU  mK  aLUDB«  Vi  Dfi  -il^BBBBBC'IIB^B 

JMtaid.  *  Tf  flMrfWMtitntiffi  hn  iiwnnitndi 

Jut  fll Jbr oor  linlifiiil  nlfni  in  itfiitfiii  htirim 
r :  lliBt  te  icknoa  tan  omy  084  but  ^ 
dprait  be  tome  .tiqpeniil  .iffilioitfiaii  wlvftfr 


by 


■fit 


I  t 


.-*».:  ....'/.'  '.-r 


APPENDIX. 


"'.•'.  ^ 


(    619    ) 


INDEX 


OF 


ATOMIC  WEIGHTS  AT  THE  ZERO  OP  HEAT. 


On  inspecting  tbe  following  table,  it  may  teem  tp  the  readec, 
has  not  penised  tbe  pages  in  which  thaae  atonic  weights  are  lOfea- 
tigated,  that,  as  usual,  any  number  of  particles  has  been  fixed  on  to 
express  tbe  structure  of  a  compound  substance^  which  will  best  sidt 
tbe  conditions  of  analysis :  l>ut  this  is  not  tbe  case ;  the  numbers 
here  giren  are  generally  those  which  are  alone  fit  for  constitnting 
symmetrical  or  neutral  compounds  of  the  various  elements.  Xhoi 
it  may  seem  very  aiinivMy  to  statn,  ti»t  ailira  is  a  tomfomnA  idkme 
particles  of  oxygen  and  fi^te  «f  silicon ;  but,  by  consultii^  the  text, 
it  may  be  learned  that  these  are  the  only  xatios  which  can  give  a 
symmetrica]  and  perfect  compound  of  those  two  elements,  and  so  in 
other  cases.  The  atomic  structure  of  very  few  salts  is  given,  became 
their  crystallizing  molecules  must  be  very  large,  and  tlber  ifiv«ail|ph 
tion  has  not  been  minutely  attended  to  in  the  body  «f  tbe  work.  *  it 
win  be  readily  perceived  by  the  reader,  that  the  small  numeral,  with 
the  dot  over  it,  indicates  tbe  number  of  particles  expressed  by  tbe 
numerals  beneath  to  which  it  is  attached.  Tbe  m  annexed  to  aoote 
implies  that  molecules,  not  particles,  are  combined ;  and  the  4-  adda^ 
to  the  atomic  weight  in  many  cases  impte  diat  tinae  bodies  are 
subject  to  have  Uieir  ftilomic  weights  increased  by  the  attachmani  of 
accidental  atoms. 


MO  INDfiX  (W  AfOBIIC  WEGffirs. 

SINGLE  SU3STANCE8. 

Anatotdy     .    .  1  Oxj^getii     .  •       10 

Hydrogeiii   .     .  It  Water,       .  .       12 

IfoOi       ...  4  VoMikf  •    •  13 

CaiboHi  •    «    *  5  V  -             fluofiae^   ^  .-14 

r.  Caldum,      •    .  6  Sodiuia.    :.  « .     15 

MagnQsittmy      «  8  Anenicy     •  •      .18 

Copper,  ...  8  Tblluriam,  .      24 

Sifiooa,   .    .    •  8  AkiiiiiQi^   .-  .24 

Phoeplionidt  8  Selenium,  .  .       26 

Sulphur,       .    .  10  Magwwee^  ..     35 

Potassium,   .    •  IQ  Ghloriiieji    •,  .45 


»i ;      -» 


Nitrogen,      .    .     10  Bromine,    .     .     100? 

SINGLi:  AND  COMPOUND  SIJjBSTAI^CKa 

An  atom, 1 

HVDBOOtK, .>..■.  0        .«  2 

Watet,      •        •        •        •        ^        .       ••        »,  ^.     •  .  12 

A  cdldlar  or  senate  mofecule  of  water,          .       ;        •  72 

-•.'•  ..  .',1  .  ,' 

Oxygen,           .        •        .                •       .        .        •  10 

Vital  air,  (oxygen  10*  +  atom  1),                 ...  1 1' 

Deutoxide  of  hydrogen,  (oxygen  20*  +  hydrogen  2*),    .  22 

Nitrogen,       ^        .        ^ 10 

A  binale  molecule^  (as  in  air,  animals,  and  nitric  add),  20 

Nitric  acid,  (oxygen  60^  +  nitrogen  20*"),           .         .  70 
A  aymmetrical  hydro-molecule  of  nitric  acid,  (acid 

70*  +  water  60* ),           .        .         .        .        .  lao 

Intoxicating  gas,  (oxygen  10*  .f-  nitrogen  20'  +  atoms  2),  32 

Nitrous  gas,  (oxygen  10*  -f  nitrogen  10*),            .         .  20  + 

Nitrous  acid,  (oxygen  20*  +  nitrogen  10*),           .        .  SO  -f 

Hyponitrous  acid,  (nitrous  acid  30*  -f  nitrous  gas  20  ),  50  + 

SULPHUR>          ........  10  -f 

A  quatemate  molecule,            40  -f 

Sulphiureous  acid,  (oxygen  10*  -f  sulphur  10*),      .         .  20  -|- 

Oil  of  vitriol,  (water  12*  if  oxygen  30^  +  sulphur  20*),  62  + 
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ABbydrons  sulphuric  acid, 50  + 

Hypoeulphuric  acid,  (oil  of  Titiiol  62  ^-aufphureona  ac  iti*),  102  + 

HTpoauIphureous  acidi  Gay-Lusaac,  (oxygen  10^  +  aul* 

phiff  2(^»  or  their  doubles),       ...  30  or  60 + 

Hypoaulpbnreoua  acidi  Thomsoii  I827|  (oxygen  lo'  .f^ 

•ulphur  40*^, 50  + 

Sulphuretted  hydrogen,  (sulphur  40^°"  +  hydrogen  4^       44  + 

Supersolpbuietted  hydrogen,  (sulphur  40^  +  hydrogen  fl!f\,  42  + 

Selekium, ^  + 

A  qnatemate  moleeidei  104  + 

Seleuious  acid,  (oxygen  10   -f  selenium  26  )i  36  + 

Selenic  acid»  (water  u'  -f  oxygen  30^  +  selenium  52^,        94  + 

Selenietted  hydrogen,  (sdenium  104^  +  hydrogen  4^,       108  + 

A  septenate  molecule,      .        .        .        .        «        .   ~  186  •*)^ 

Arsenic  acid,  (oxygen  iO  4- arsenic  18  )«  •        ,        28 -f- 

f "  '      ^*'-'""'^''  ^' 

A  symmetrical  hydro-molecule,  (water  12  4-  add  14(r),  152  -f* 

•  I  "      :  •*  -.»  y  t  ' 

Arsemous  add,  (oxygen  40  4- arsenic  126  ™),      .  1^4  + 

Arsenicated  bydrogep,  one  sort,  (anenic.  18  4-,)]ydi:c{gep  2  ]^,  ^."ki 

——»  another  sort,  (arsenic  18  -f-  hydrogen  6  )^  ,24 -[7 

Orpunent,  (arsenic  126^°"  +.  sulpboir  8Ct^),         •  ^     .      206     r 
Realgar,  (sulphur  40^°"  ^  ammOO^li        .        «        «      130   ,, 

TeiJiURium,     .        .        •        .        .  '«       .        .        24 
A  septenate  molecule,  «  •  .     «        .      168 

Oxide  of  teUurinoH  (oxygen  40^  +  tellurium  160^},  .      209 .  . 

Phosphorus,    ...  «       ;.        .         8  t|^ 

A  quatemale  molecule,  32  -f 

Phosphoric  acid,  (oxygen  10'  -f  phosphorus  8  ),    .  18  -^ 

A  hydro-m<decule,  (water  12^  +  add  90^),  .       102  -^ 

Phosphorous  add,  (Dulong?)  water  12^  +  Qxyg^a  3of  ^ 

phosphorus  40\ 82  -f 

Phosphuretted  hydrogen*  (phosphorus  32^  +  hydrogen  4^,  36  -f- 
(For  four  odier  sorts,  see  page  SOI) 
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BoBONy                                 •                   ••         .         •  IS. 

GomlNning  boracic  acid^  wbeu  peHect,  (oxygen  99*  -f- 

boron  1^),      .         .                  •   >     *        •         •  4S 
NatiTe  boracic  acitl,  (two  particle  •{  comfauiffig  acid  Siit. 

united  by  one  panicle  of  oxygen  10),          ,         •  96 

•                                     •  - 

An  hydro-molecule,  (water  12^  ^  combining  acid  215?),  227 

Ammonia,                 .         .        •        •        .    .     . ,       .  2^ 
A  tymnBetrical  hydro-mokcu&e,  (water  7^  -f.amauNi.  26^X  ^ 

Carbon,           .        ;                ;       ,        :       :       ,  & 

Light  carbturetted  hydrogen,  (carbon  5   -^  hydrogen  2^),  7 

Olefiant  gas,  (carbon  10^  -f-  hydrogen  2^),     .  .12 

kc.  he.  ke.  ^  &c.  See. 

Fixed  air,  (carbon  5  +  oxygen  10^),    ,  .         .        •         •  15. 

Carbonic  oxidc;  (carbon  10^  -f-  oxygen  10^),            .         •  20 

•  •  • 

Acetic  acid,  (carbon  10^  4-  oxygen  10^  ^  hydrogen  2^)»  22 

A  hydro-uM^ecule^  (water  12  +  acid  66),         •         .  72 

Citrogen,  (carbon  1 5^  -^  oxygen  20%           ...  35 

<  •  • 

Citric  acid,  (carbon  15^  +  oxygen  20*  +  hydrogen  2^),  37 

«  • 

Oxalic  acid,  (carbon  20  4.  oxygen  30%        ...  50 

Pyragynic  acid,  (carbon  15   4-  oxygen  40  ),           .         .  ^S 

•  •  • 

Malic  acid,  (water  24^  +  olefiant  gas  36'  +  carb.  acid  90^),  150 

•  •  • 

Sugar,  (water  24*  +  olefiant  gas  36*  +  carb.  acid  45%  105 

Alkohol,  (water  24^  +  olefiant  gas  36%         ...  60 

Ether,  (water  24^  +  olefiant  gas  72%            ...  96 

Cyanogen,  (carbon  15'  +  nitrogen  20^),      ...  35 

... 
Hydrocyanic  acid,  (carbon  15  +  nitrogen  20^+  hydrogen  2%  37 

(For  carbonates  of  ammonia,  and  other  compounds, 

see  the  text.) 

Chlorine, 45 

Aeriform  chlorine,  (chlorine  45^  4-  atoms  5),  50 

A  symmetrical  hydro-molecule,  (water  120*^4-  chlor.  45'),  165 

Bromine,  (a  binate  molecyle  of  chlorine  90*  4-  atoma  10)»  100  ? 
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•  . 

Muriatic  acid,  (chlorine  45  +  hydrogen  2^),  47 

A  symmetrical  hydro-molecule,  (water  72^  +  chltMrine  49^H  H7 

Muriate  of  ammonia,  (ammonia  26  4.  chlorine  45'). 
(For  a  crystallizing  molecule,  see  ptg»  S82 ) 

Chloric  actd,  (chlorine  45^  -f  oxygm  50  ),            .  95 

Euchlorine,  (chlorine  45'  4.  oxygen  l(r),      •         .         .  55 

Peroxide  of  chkMrine,  (eblorme  45  -f.  ozyigBB  40^),  M 

•  • 

Sulphurane,  (chlorine  45  4-  sulphur  20^,      •         •         .  65 

Phosphorane,  (chWrine  45'  4-  phoephOToe  l^  0| 

Phosphorana,  (cMorine  45'  +  pboephorus  87,  53 

Chloride  of  selenium,  (chlorine  45'  4-  seleniuoi  26  ),      •  71 

Chloride  of  tellurium,  (chlorine  45  4.  tellurium  48*),      .  93 

Chloric  ether,  (chlorine  45'  4.  olefiant  gas  24*),               .  69 

Perchloride  of  carbon,  (chlorine  45   4-  carbon  5'),  50 

Protochloride  of  carbon,  (chlorine  45  4-  carbon  10^),  55 

Chloride  of  curbon,  from  Abo,  (chlorine  45  4-  caibon  15%  60 

Chloro-carbonic  acid,  (chlorine  45  4-  carbonic  oxide  20'),  65 

Manganese, 35 

Peroxide,  or  black  oxide,  (mangpmeae  35   4-  oxygen  20^,  55 

Protoxide,  or  green  oxide,  (manganese  35  4-  <>Tg«n  10^),  45 

(For  other  oxides,  see  the  text.) 
Manganesic   acid    in   combisalieDy    (manganeee    70^4- 

oxygen  50^), 120 

8ec.  he  kc  &c  fte. 

Sodium, *        •        •  15 

Soda,  (sodium  30*  4-  oxygen  10^),             ...  40 

Common  salt,  (sodium  30*  4*  chlorine  45'),  75 

Sulphate  of  soda,  (sulphuric  acid  50^  4-  soda  40'), 
Glauber's  salt,  (see  page  400). 

Selenite  of  soda,  (selenious  acid  72^  4-  soda  40^),  .  112 

Soda  of  commerce,  (carbonic  acid  30^  4-  *<^  40^ )»  70 

._........-..  or  (pyragynic  arid  55  4-  soda  SO),  235 

(For  these  csfbonates  of  iodll^  wm  pige  401). 
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VMrflSS^ 

mOt^vf  +  wmtiml^ 

4Cr)^    •       ■•       •.  ;''■  •      "•■  ■   *•  i    ^■ 

Aflitrte  of  ■edii»  (acrtteacJAIKt^^f  lodt  W  4>  m^  7^  17a 
(For  Ad  prabifek  imictura  of  ooHpiiMlidl  fltei 
tee  the  test) 

PoTAssnm,      a      •       •       •   .    « .     «t       «.  ^  1ft 

PoCeM%  (polMriiin  M^  4*  inqrgw  10^)^       «  •  M 

Chloride  of  poteeriitfii,(dMiie4a^4»p^  .95 

Miire^  (polaMQ0^-f-iiilrieM9d70^),          •        .  «  ISO 

Cbhweie  ^l^tHmm,  (pglew  60^  +  eMwte ecW  M^K  •  m 

CfOin  oC  tertw,  (po|M«i  60^  if  twiede  eeU  164^  •  234 

MtwgMMrte  of  poiOMi,  (pntiMaBO^  4>  —Upwerie  acidL 

ISO^  +  wster  48^ 

(For  8u])phatee,  cartKMiateei  and  oxabtee,  oee  tasty.  - 

Maonbsivm>     .        •        •        .       «        k       •       •  S 

MagDe8iay.(magiiediiia  16'  +  ogcygen  lO.^)*  •  26, 

Epeom  ealt,  (magnem  52^  +  oil  of  vit.  124^  +  water  IH% 
Muriate  of  magnena,  &c»  aee  page  482. 

Calcium, G. 

Lime,  (caldrnn  S(r  +.  oxygen  lO'),       «.        .        ^        .         40 
CUoride  and  muriate  of  lime,  (a  molecule  compoaed  of  five 
of  muriate  lime  round  one  of  lime,  aee  page  425). 

Caiiwnate  of  lime^  (lime  40^  +  carboaic  acid  S(r),        •        7Ck 
(For  8u]ph«t^  nitrate,  pbosphate,  borate,  aneoiate^ 
oxalate,  &c  see  page  428,  ei  seq.) 

Silicon,  •        •        .        .        ^        .        •        <  8 

Silica,  (silicon  4CP  +  oxygen  W},        .        ...        .        8a 

8 
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Nascent  silica,  (ulkm  S^  +  oxyg€B  lO^K       *        «  18 

Hydrates  of  silica— 

Meiiilhe>  (water  12'  +  BiUca  80^). 

Hyalite,  (water  12^*  +  silica  160^). . 

Common  ope]>  (water  12  +  ailica  240'^). 

Precious  opal,  (water  36^  +  siKca  320^). 

Ok«iite,  (ailicv  80'  +  lime  40^  4-  water  241^). 

Table  spar,  (nascent  silica  90^  +  lime  80^). 
Ike  kc^  &c.  8cc.  ^c. 

The  Fluoric  Priwciplb, 15 

A  hydro-molecule,  (water  12'  -f-  fluorine  30^,       .        .         42 

Fluor  spar,  (fluoric  15'  +  lime  40'),      ....         55 

Cryolite,  topaz,  &c«,  sec  page  442^ 

Fluo-silicic  and  fluo-boric  acid  gas,  see  page  443,  &c. 

Alumina,         ••.,•«.«        24 

Alum,  half  a  molecale^  (sulphuric  add  2(K)^  +  alumina 

72^  +  potaiMi  60'  +  water  276*»). 

Phosphate  of  alumina,  (acid  90^  +  alumina  95^  +  water  72^). 

Acetate  of  alumina,  (water  12^  +  acid  66^  +  alumina  24^). 
Aluminous  minemla-— 

Petrosilex,  from  Sahlberg,  (alumina  24'  +  silica  160^}. 

Felspar,  (alumina  96^  +  silica  320^  +  potaasa  60'). 

Albite,  (alumina  96^'  +  nlka  320^  +  soda  40'). 

Analcime,  (alumina  72^  *f  silica  240^  +  soda  40'). 
&c.  &c.  kc.  He,  Sic. 


Copper, 


A  quinate  molecule^        »        •        .        • 
Peroxide,  (copper  40*  +  oxygen  10'), 
Protoxide,  (copper  80'^  +  oxygen  lO'), 
Vitreous  copper,  (sulphur  10  ■j-cop^r4eO     ),       - 

a  • 

Chloride  of  copper,  (chlorine  45    +  copper  80'^),  .       125 

Malachite,  Vauquelin,  (oxide  of  copper  50  +  carb.  acid  15^),  65 

n.  p 


8 
40 

50 

90 

50 
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(For  phoqihate  of  eofiper  and  aneniilesi  toe  p^^  460). 
Bhe  Titrioly  a  •emi-moleciik,  (oxide  of  copper  50  +  oil 
of  Titriol  62^  +  walv  48^)l 

NitnOe  of  copper,  (mlric  acid  70^  +  Mode  of  copper  M^). 
VerdigiJe— > 

Triaacetete  of  copper,  (acetie  add  22^  +  peroodde  50^). 

Sabeosqpicetatei  (acetic  add,  W  +  peroxide  60'). 

Acetate  (aeetiG  acid  60^  +  perotide  60*). 
(For  water,  and  the  molecakr  ■traciui'e  of  roch 
•ahi^  aee  page  462). 

laoi^ 4 

Teniale  molecule,           .•••.,        12 
Denate  iiidecide, 40 

Red  oxide,  or  peroxide^  (iron  24" +0(xjgen  10^),  S4 

Hematite,  (water  12  +  peroxide  102^,  114 

Ochre^  (water  12^  +  peroxide  iif),          ...  46 

A  ■Tmmetricalmoleciile^  (water  79^  + peroxide  204^  276 

Black  ogdd%  or  pMaxide^  (inn  40^"  +  (ayB»  I(^),         50 
(^or  other  oaidea,  aee  page  47S). 

Iron-pyrites,  (sulphur  40"*  +  ironS6''*),    ...         76 

Ferrane,  (cblorine  45  -f  iron  40'  ™)»     .        •  .         85 

Fenanca,  (chlorine  45^  +  iron  24^°"),  ...        69 

Carbonate  of  iron,  (protoxide  50^  +  carbonic  acid  30^,         80 

Bergmann's  artificial  carbonate,  (protoxide  50^  +  carb.  add  15  ),  65 

Natural  pboqpbate  of  iron,  (protoxide  50  +  add  86^),    •         86 
(For  the  structure  of  various  sulphates,  see  page  478). 

Ferro-cyanic  add,  (cyanogen  SO  +  iron  20  +  hydrogen  2^),  52 

Prussian  blue,  (acid  52^  +  peroxide  34'  +  water  12'),    .        98 
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EXPLANATION  OF  FIGURES. 


PLATE  I. 

Fig.  1.  A  X.  a  flexible  polarized  axiS|  positive  and  negative  at  ita  o^ 
posite  eztremitiea.  C,  the  nme,  in  which  the  consecutive  pedes 
are  united,  the  axis  being  thus  bent  into  a  circle,  and  the 
subtile  matter  formerly  polarised  now  circulated.    See  p.  It. 

2.  Atoms.    The  under  one  invested  by  its  sphere  of  subtile  matter, 

the  regions  of  attraction  being  represented  by  the  four  pencils 
crowning  the  angles. 

3.  A  trigonal  blpyramld  farmed  by  two  atoma  united  by  their  bases. 

Hydrogen. 

4.  A  pentagonal  bipyramid  formed  by  five  atoms  united  by  an  edga 

Carbon. 

5.  Eight  atoms  united  so  as  to  enclose  an  oetodfal  cavity.    CUlleon. 

6.  Six  atoms  united  so  as  to  enoloae  two  as  in  Fig.  3.  or  a  oavity  of 

the  same  form*    Magnesium  and  Calcium. 

7.  Ten  atoms  united  so  as  to  endoae  five  as  In  Fig.  4.  or  a  cavity 

of  the  same  form.    Sodium  and  Potassium. 

8.  Five  triangular  bipyramids  (Fig.  3.)  toueldng  by  an  equatorial 

angle,  and  bent  down  so  that  the  polar  angles  of  one  cohere  to 
the  equatorial  angles  ef  another,  a  form  destitute  of  an  axis. 
Oxygen. 

9.  An  electro-posltive  ibrm  Fig.  4w  united  to  a  conformable  electro- 

negative form.  Fig.  8.    A  particle  of  Carbonic  Acid. 

10.  Two  substances.  Figs.  3  and  4  united,  which,  though  both  elec- 

tro-positive in  relation  to  Fig.  8.,  are  not  equally  so,  and  arc 
therefore  positive  and  negative  in  relation  to  each  other,  and 
capable  of  union.     Light  carburetted  Hydrogen. 

1 1.  The  same  elements  as  in  Fig.  10.  united,  so  as  to  form  a  fiymmc. 

trical  particle.    Olefiant  gas. 

1 2.  Five  triangular  bipyramids  (Fig.  3.)  united  by  an  edge.    A  com- 

bining particle  of  Nitrogen. 
la.  Two  of  Fig.  12.  united  so  as  to  produce  a  aymniotrical  solid  par- 
ticle.    Animal  nitrogen. 
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Tig*  14.  The  aune  ai  Fig.  I8.9  the  two  pertklei  adhering  obIj  by  five 
equatorial  ai^f^ei.    Atmotpberical  nitn^gen. 
le.  The  iBHie  aa  Fig  14.  with  the  five  equatorial  caritiea  filled  with 

five  of  Kg.  4.  to  wUch  thej  ate  miimnaUe.    Chlorine. 
17.  A  iubatanoe  leaulting  firom  the  union  of  FIgi.  S  and  10,  which 
axepoaltlTeaiidii^gatiTelaieftNBeetoeadietlier    Muriatic 
add. 

16.  Polarity  derdboped  by  induction* 

1&  FlgumiUnatraUngtheezpanaionandcoiitnictioaofafibrecom- 
poaed  of  apheioidal  mokculiea  in  oooaequenoe  of  a  ciumge  in  the 
pofauify  of  the  paitidea. 

IflL  An  electnMieaative  mnlenileb  I 

to.  An  ekctro-poaitiTe  mdleoiile,  J     '^  F^  ^ 

St.  A  flmgment  of  a  perftct  ray  of  the  tadiant  medium  (the  atoms 
being  rgpreaented  almost  contiguous,  in  eider  to  diew  their 
zelatiaDddp)yoraxayofoonBionli|^   ' 

84.  A  flmgment  of  a  sin^^  or  pdarised  xay.  Fig;  SS  consisting  of 
fimr  such  in  transverse  positiops  two  and  twa 

SA.  mustmtion  of  the  phenomena  of  interftrenos^  see  page  01. 

20.  An  azisi  prim  or  ny  of  lli^  singled  or  polariaed  by  r^ection 
flmn  a  reflecting  eone^  by  wUdi  an  equator  of  Ij^t  is  de- 
veloped polarised  in  a  phne  tnmsverse  to  that  of  the  axis,  so  fiv 
as  its  light  is  pdJaiiaed. 

17.  A  diagram  illuatiating  the  cause  ofthe  constant  ratio  of  the  sines 

itt  rslracHoDa 
S8.  A  photomotive  pile  or  pile  of  ghus  plates,  fbr  polarising  light. 

29.  One  my  of  common  light  parted  into  seven  by  one  rimmboid  of 

Iceland  ciystal,  copied  from  Malus. 

30.  The  symmetry  of  common  or  perfect  light  destroyed  by  refraction 

through  a  prism. 


PLATE  n. 


.M 


AAA 


JH 


\b 


E 


M 


-v^  *^  »•  •-      >> 


.17 


'\ 


■i4 


.  J.f 


n. 


.?ii 


A1 


J«f 


.'./ 


.1/1 


.1,* 


^:! 


I    AT 


.;y 


f-^ 


^s 


to 


.ifi 


^1' 


f>/ 


.>fi 


.n.t 


tif 


a;  \'. 


v\ 


T   / 


EXPLANATION  OF  FIGUBES.  689 


PLATE  II. 

Fig.  33.  A  ptrtide  of  water  eoBitituted  of  tU  pariidef  Fig.  3.  sjidiim- 
irioally  united* 
34.  A  senate  or  cellular  molecule  of  water—dft.  A  flake  of  snow  of  a 
most  perfect  sort,  copied  from  Scoresbj^SG.  A  particle  of 
water  with  the  directions  of  the  axes  of  polarijsation  marked  bjr 
dotted  lines^ST*  abo  figures  illustrative  of  the  dccomposi* 
tion  of  water. 

38.  Two  particles  of  vital  air  forming  one  symmetrical  molecule. 

39.  A  particle  of  deutoxide  of  b jdrogen. 

40.  A  particle  of  nascent  atmospherical  air  composed  of  a  particle  of 

oxygen,  Fig.  8,  with  one  of  nitrogen,Fig  14.  iu  each  pole. 

41.  A  particle  of  nitric  acid- 

42.  A  particle  of  Intoxicating  gas. 

43.  A  particle  of  nitrous  gas. 

44.  A  particle  of  nitrous  add. 

45.  A  particle  of  hyponitrous  add,  composed  of  one  of  nitrous  gta, 

Fig.  43.  combined  with  one  of  nitrous  acid,  Fig.  44. 

46.  A  particle  of  sulphur. 

47.  A  particle  of  sulphureous  acid. 
4a  A  partide  of  oil  of  vitrioL 

40.  A  particle  of  sulphuretted  hydrogen  composed  of  a  quatemale 
molecule  of  sulphur,  with  a  particle  of  hydrogen  on  each  pole. 

52.  A  partide  of  selenium. 
51.  A  particle  of  arsenic. 
50.  A  particle  of  tellurium. 

53.  A  particle  of  phosphorus. 

54.  A  particle  of  phosphoric  add— 55.  A  molecule  of  glacial  phosphoric 

acid,  composed  of  a  nudeus  of  water,  with  three  particles  of 
acid,  one  on  each  alternate  segment  of  the  equator,  and  one  in 
cadi  pole. 

50.  The  lightest  sort  of  phosphurcttcd  hydrogen,  (Davy *«  Elements). 

57.  A  particle  of  boron. 

53.  A  particle  of  ammonia — 59.  Ammonia  made  confomuble  to  po- 
tassium Fig.  7,  by  the  loss  of  a  particle  of  hydrogen — 00.  Ani- 
monium-.-01.  Nascent  ammonia«»02.  Ammonia  destroyed  by 
i'lectridtv. 
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«lu  A  psEtld*  «f  cutoiik  OBlde. 

Til  AF«rtldb«rdi7«flttlBiM|ll^«rwUAMtlMall«ftteieg. 

mMito  of  a  ptxtickof  MUr.toMliUito  ahyjre  ■witctitoof  add^ 

fQch  M  If  MMUdottljr  tadL 
71.  A  ptftld«  6#eilrl0  mU. 

75.  ApiitkkK^oxalfefldd. 

TSL  A  pntkde  of  which  thiM  on  Ita  idliiMto  MgntBtt 
"%  iiioleeiiteofwaler,eqiiititateapirtfllt«f»ilieMiiL 

74.  A  pirtlcto  of  which  three  on  the  ■Hii'— le  eiffiiiwiti  of  a  Uute 
■Mleeofo  of  water,  ooBilitate  epertlde  efMgirw 

76.  Apartideef  aloohoL    It  aie»  ftepneeBte  on^v  eiippoiiiig  thxee 

of  caihonic  add  added  on  the  three  polei  of  the  three  caihoos 
tewards  either  extremity.  Wheo  all  the  eerbooe  are  eorercd 
with  cirbooic  add.  that  i%  when  the  elhir  three  pelee  ere 
eovered  diOy  the  ftnn  tJeebnee  Malle  aeid. 
H.  A  pertide  ef  ether,  ei  eloAol  with  the  qnantitj  of  eleBant  gee 
douUed,  ereij  segment  of  the  water  iiiiteid  of  crei^  alternate 
segment  being  covered. 

77.  A  particle  of  hydrocyanic  add. 

78.  A  particle  of  the  black  oxide  of  manganese,  composed  of  a  parti. 

do  of  Fig*  6A,  with  one  of  Fig.  8.  on  each  pole. 
78.  A  particle  of  soda  composed  of  one  of  oxygen,  Fig.  8.  in  the  cen- 
tre^  with  one  of  sodium,  Fig.  7>»  (the  solid  form)^  on  its  oppo- 
site sides. 

80.  A  particle  of  common  salt,  composed  of  one  of  chlorine,  Fig.  15., 

with  one  of  soda,  Fig,  7*9  (the  solid  form),  on  each  pole. 

81.  A  partide  of  potassa  composed  of  one  of  oxygen,  ¥ig,  8.  in  the 

centre,  with  five  of  potassium.  Fig.  7m  (the  hollow  form),  sym- 
metrically  around  it. 

82.  A  partide  of  magnesia  having  a  structure  analogous  to  soda,  mag- 

nesium Fig.  6.  (the  solid  form)  occupying  the  place  of  sodium 
Fig.  7.  (the  solid  form.) 

83.  A  particle  of  lime  having  a  structure  analogous  to  potassa,  cal. 

cium  Fig.  6.,  (the  hollow  form)  occupying  the  place  of  potas. 
slum  Fig.  7.  (the  hollow  form.) 
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EXPLAHATION  OF  FIGURES.  681 

* 

Fig.  84.  Three  particles  of  silicon  in  different  projections  in  the  first  line. 

Benetth  is  one  of  siUct,  composed  of  one  of  silicon  in  the  cen- 

tre,  then  four  of  ozjgen,  one  on  eich  tspect  of  the  central 

silicon,  and  then  fbur  more  of  silicon^  one  to  each  particle  of 

ozjgen. 
85.  A  particle  of  the  fluoric  principle.    Fig.  88.,  tiro  such  inserted 

into  the  poles  of  a  particle  of  water. 
87*  A  particle  of  alumina.    Fig.  88*,  two  sudi  inserted  by  a  particle 

of  water,  (these  figures  arc  inaccurately  drawn). 
89.  A  particle  of  copper.    Fig.  90.  a  quinate  molecule  of  the  same. 
91.  Particles  of  iron  in  different  projections.    Fig.  92.  a  temate 

molecule.    Fig.  93.  the  half  of  a  deuate  molecule. 
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